^ (Oalc (gtlS") 1 oLc^iy olSoL jl £*Ujlj OjLo^Jo 4 j iOI.O.. Q.^tj tjO^lc *~- > J 1^3) ^Ij^ljjJj (35^^* 3^ '“-jL-^ ^ ^_L_o-So ilj^AMQPv ^bbdJL-jj ^ tUbd.olj^jljL A^LajI 2 C^-a> I 4jb jj i^"jJbO 4 j jJ> 

.c^ol J gjjjjq *Zj\jj£lq j ^-ol^3 ^jL-j ^ ^1 ^jju ^ ol°bJ1 ^ (^VYA) ^jl^ *^jlo■ ‘rta t^jlflJ^o jl o_)l_a_>- ^^ils ^jIj ^ ^ ^ i^o_Lc 3 ^ol5" c^jlcj L ^jl j! o..tl ^ (^S'IjjI^I) ^I^jI 






j CalaJbxJ ^jip Cj> jljj 

J L&fjj ^x> JJ - fra ^La 0ISv-. t - ft' Jjj 

c»mJ j J^M^xa 3 * ■♦. i -/* 3 ^ ; 9 Ls CmJj o jj 

•XJa^l ^4»aL tjlala 

tsJ^AA J' 5 

: jtjip 

^£©©{$31^ 4* J^aio jlftbfj f^jiT OU^»- 3 ^4^ 

yJti ^5 aUoXwa (ft^jjLo jf ©Aw ^f jSkJ^ji UbjVjjbWb A jaXJLf* 1 1 


&£lj£l©*cf jb jl© 


iLaJw&l j 


—A—' i-^> I 


O 1 ^*^ ^ 

^l§y ^5 ^ff ^M-olT yf £ 


JL>j ©U ^ 


_LS j |0^1c ol5LiA> 


3jj (^tl5") ^jl^jl oboL jl (\^Jjta" 3/^ OjLo-io dj (^j^L -9 >oLti ^ j tjO^ic l^jl jl OjL*-^3 3 ^_L_o-SLj 0*^1 - -ip ^£l&dJL*>j 3 *l&d_oli^jljb fcbfcool^_L-i^_) dflxul 3 O—j <^oli l 

olj^Lo 3 ^jL*i 3 ,jl ^Jju ol?-^L«l 3 olsbJI 3 0 XT A) ^jliXLoj^a 3 t^jLaJ^o jl OjLo->- dj|j y 3 j^Li^jj 3 i t5 »!oj3^l ,_£lfti_ 9 JJ& (_^I3 qI^IjjJo ^33^5- J^lS" C*jIcj L ,jl jl o^La^*il 3 0 


j-o I djb y kb'jJwO ^jj| dj lC -<~) ^IL^j Ji 

J-i> („A.I^3 (^IjJI^jI) jjl^jl .Jjlc^llol 



c —ijj j oIS s-Jla j 


-iJ 


j j oA^-AAjj 




<uU 


^jJwJ I £ »A ■■■..) j <CwI»j ^£^2^5/ JLijI oaIjA Lo-LP I jLjLo t—>l?c!L>l 

lj oJ-Jj j Ju <uU jL L aS" ^-iloJ jlpol ,_£jjLi j J s^Juj ^JUo ol^JLAjj^j J 

Jbj^JlS’ ^ ^O^IjjI>- 4j jlj^Ljlj ♦Jjj'l Lo-~A< ol **0 y*as>- J ji J jljlP 

j £a ^ISI » jL->- ^JJU LoJ-a>!j 4j ^ ‘U^Jj j! o-LJi La jNjj-U* 

cJL^I j j <ui^jJb __jb^AjI Ja-** 1 ^j~S*l _)^-°LS* ^5 "$ ^U! w>L>- j ^ j *^ , J g 

clSw»Aj^J wO-Li 4jl jl __lUxo ji O^jU-4 oAaUAo Oj ji .C - ~»l A*J> lj t(J I ji oJ-j» J AJ ‘w-JUxa 

ijb .^jjl J-*-*-? 'j ^IaSI jA i.jjJl£ j ,j-»L**»I ji s jli J^* 

L> w-Jl2»cL)l .la^» jj ^jLAal J vi'j^a 4 j j£s*c-y& C^Uji ^1 jj^5*Lj J*&\>- lJ jL L ^ j-XLa w-JUia aS 
^1 ji oLS s-Jla j^i * j j)->3^ *—■>^>-jL>- w4-oLS o Ij L> *C«w»l o aJl> 4jI jl jt L-? ^ ^L-- 

^jl L wJ^A» j ^U 3y&~ *4^ ^iL$j j- 5 -C—l oAji oIpI^ J^IS* 4j U <uU jL;L jij^i 


.JuiL ^jjL^i c—jj j ^^r>j oI$w-aj_3j 4j j!*a> w 4»U jl>L> 



^j^L_L 9 ^ (OjJf. olS L S jt jjj (^CS) 1 ^*j£ olc'ylioi ol5oL jl OjLo—ij dj tOlo^jL > j b|a^lc. Ojlj^) l^jl jl OjL^? ^ ^L-oSj- O^L-a^j ^lj&dJL*>j ^ tljid^lj^jLL) fclifcool^_LjL*j ^ O^J I AjL jj uS'jJ^o (jjl dj ^ 


mj! ol j^ 0 -o ^ ^jj^ol^i yi L-j ^ ^1 j^jju <HjI?*^L^I j olsbJI a (^V'fA) ^jljj-Q^u& y i/jLa^-^o tl jLflJyj jl t^oLo^* 4 jL jj ^ ^ t^Joj^-ol ^t^l_^ l ^-*- 1 3 ^jlj^ 1 JijAj ^ol5" OjI c-j L ^1 jl o^IaILm»I ^ o^xJj (^*bl^s (^.S^IjjIjjI) ^jl^jl olc^U^I 





j oLua^j ^ip ojljj 

C—Jj Ja^>fc« j CaI^ o 


L < -'"~~tj J l 5<Uawj /fcX-ijI 4»alj <jblj 

wJ j ia-kJ^-0 ^ OocJu^ > ,>.</ 




1 1 0il^iL> <0 J^JLlo jlftklj ^jil oL7^d> 3 ^**3^ 

jLi <tuxCi (O^jjlio jl grlj»s£**)f lft>jV3J'-*-sA >Aj j y CJLf 5 


:/ cr^J^ 

olj^L«ip| jLijL* 

L j C-s £ j\ji u-'jjt ijy> y_j jljjla oLaj ls ^3^o^S a^S Ja y WVs / -9 I T> ^djb jj 
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^j^L_L 9 ^ (OjJf. olS L S Jt jjj (^CS) 1 ^*j£ olc'ylioi ol5bl jl ^cjjlj 3 /^ OjLo—ij dj tOL g .- J - ^ cj tjO^ic. *—»jlj^) l^jl jl OjL^? ^ ^ tljid^lj^jLL) fclifcool^_LJb*j d^Lb! ^ O^J I 4 jL >-S"jJ«o 4j ^ 


**>1 ol j^0-o ^ ^jL-j ^ ^1 ^jju ^ olsbJI a (^YYA) ^ tl jLflJyj jl <-ii-oLa->- djL j* ^ c5^^33%- 3 k {j^ j^l j_gl ji 1^j_> ^ ^^a^* ^ol5" OjI c-j L ^1 jl o^Lfljb-jl ^ oAm* ^bl^is (^-SHjjIjjI) oLc^U^I 















yy > 

j! l_S\_jl>- ^j^~ LJ f *^ % bbw*-*ol jjAjlj jlAbS" jl^o ^£o^)l y ^ jl ^n?*ej .^Lv^l ^v^Lxp jl 

1_^ ^ _X^J (. y* _‘Jxj tjj _*»*J 4_) (j^/l^ S" yS' ^ j^l J y^ bJ Jj ^ */3 4_! jjL__JI lj .5 y-*^ yA y.j>* b 

( J^I jo ^ ^i& ^l*j i^S\j I j cjwjl ^i-^o 1 ^ owijL^^slj ^IaLj jlbL-o^Jj 

j ^J ) j y\jyyy\j I t^j-js ^1 ^Ia y> Ij aS" cJwjI ^Lv ^\ 4L j1 j T 4 _j ^ — Lo ^UJL^jI jl 

t jl (^wb jlS'Lo y ya bbL-*S" y 4_) jjLj I j y) yo yS bL^J>“.bJwjl 4J13L I j I j y& ^JbL—^1—Y 

— (J I— l_fiJl cjlj_) jjh 1 j—’ 2— \ _L cjl_ j^Aj IJ if 4_j^—l_L jJ_)l ^jwol_Jo 4__S" ^-)j_)l J_b>- jl ^Jb j _L>c-« 4 _j 

jLJ j\j-~>\ J—>1 i_S\_j jU jS7 i_sjJj ji j J'j^-I jjLj I j ^JlloI cjl j^S— Li] I i j\ Jo j y>\ j y$ ^Loljl 

.will—& lAjbjblj f 4_j ll) — ^wbl tjjLjlj ^ 4j^y>ej bL^->~ jib Sjy ^Ia —> jjl yjy {£jj jl —o| 

J _ JLa J _plS* J 4j>-jlj iyijj\$ t^ab t^jlwLp £jllv^ ^1 y bb-wol j^SjgwO jljjAjlj y& ^ojjj ^La.S ^SCLo-P 

_flj (J ^jL_jI ,-\_-J ^_) JL_»I y yA j~y O^AjI^ jl yo 2 S>z^ y L-Ows_Jo yo y.wUiL 

ySyO jl J$ o^LfiJ^ol ^jy° j d^J>-y^J 0^ yZ' (JaS" ,-LJoL4JjjoI^ 

O^-j ajj^.4 

_bs (jl oi jl .J JoL^—o y^SL^a yj 1_JJj ^4 (jl j 4 19 ^ jl^_9 4 ^>- jj j a l_A^jjjl y> I 

j \s ) J ^ 1 .A ^fO ) I \ a *Q I ^ wb wb l^" L ^ ^y^J (y La I w^P < 9 y /2 A lj y**^J C J 

.bbw^ol oJ-ji 4J3 

Y/& L_j l^Coj Jwoj>cj olw? yo2j>- j bbw^l l5Coj jLj^Ajlj ^jjl 

^oJ-bS”ojL__ j^ j y^is>- ^y* ^ y y? ^ * Lj ^I ^Jw^.>cj ^ jV 

-^L— YY jtJjj'l $ 0^ iy>- jt Zv lj ojjl 

Y 1 j y\ j! ^c\ o ©j jo^l y>*i ^ol .J-Jo y^yu V yj bbl yy^ 3 y\-> 01 4*.^ pH j y> 

jl J ) L yy bbP'L-O V jl yLu alji YY p-ty^ .^Iwb jLiJ ^ y>- jl L ^JLxi 

^>Jj_)l .bb ^<ol O^b jl—JL) bL JL*-S ^Ijlj^l ^N3.C1 j)ly^& j Lj j y&>- ^jjjl yJsy^A .5y 

o y Vmax= ) f) j,YAunit/mg j Km=Y,Vl mg/ml ^1 jb oJ-L ^1 ^bLol 

^jjjLio tjYAjlj cbb-^j^ l5Coj tjlJ^Ajlj :^JOS' 0l5 jlj 


^Ij_j J ) ^b>- ^ y> lS\ ) ojj^—«I bl wbl oL-Jo ^1 y>zl^j I ^_^Lj ^S”Ij j ^>-jl3 LAjlJjLjlj 


(^j^L_L 9 ^ p» ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo^Jo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|O^Ic Cjjlj^) l^jl jl OjL—^ ^ ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL 4 Lit o ^ l^J_™_-_j d^Ljjl ^ Cwj 4^li ( jj_o I 4jL jj jJ^o ( jjl 4j |C ^-o jILmjO 

.c^ol -Lioj^-o oIj^lo ^ ^j^-ol^s y> L-j ^ ^1 ^jju ol^^L^I ^ olsl_>J1 ^ (^VYA) ^Ijj-o^j-a ^ o■ t^jLeJ^o jl OoL^^* ajL jj ^ t ^jj ^ t^^jj^ol c^b 3 ^Ij^IojOj ^ol5" CoIcj L ^1 jl o^laiLwl ^ ojOj pctl j3 (lYIjjI^j!) ob^ 
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^j^L_L 9 ^ p»ale olSLCj&^^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo—X) 4 j ^j^b-9 fcOl.fl... l 0.?tj tjO^ic l^jl jl ^ -<q?u ^Ub4JL*>j ^ iUbd.olj^jLL 4Lito^_j Aclil ^ Cwj A^li^j-o I AjL jj 4j | C ^-o jILmjO 

•C^ol -Lioj^-o olj^Lo ^ ^-ol^3 y> L-j ^ ^1 ^Jju ^ oljl^cjl ^ (^VYA) ^jL x i- o yjb j t^jlflJ^o jl CoU^- ji y 3-^: 3 ‘c5^33^^ ‘lS^^ 3 ^ol5" CoIcj L ^1 jl o^Lq.- ...I ^ oJl-oi (^S'IjJI^I) 
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YY 


. tg-Sjj J 

.. o^u^wwo! 2jy* —\—Y 

. ^yijbjyj <oUiwol wL — Y—Y 

. cr^-Sji ^JJ 

.^^-i-y-y 

. -L^jYAj £\y^\ -Y-Y-Y 

.-y-y-y 

.PCR aI^I hj\\jJ, j PCR ,/jliJ ^jL-asU -Y-l-Y-Y 

.jlj I clj L^JJ JjL y2LS>zj —Y—Y—Y 

. pET-28a Jj^ 2 ^o ,.fja — &—'Y— Y 

. JUjYI ^!j f Uj| -?-r- Y 

.Ajco—« ^^-L-*) — V—Y— Y 

^j^jl j 2 - ySi c C——' L DH5a _uco—« y ^ycSC A \. ^ A J y^z^^ 2^^ y —A—Y—Y 

. y^Sy y y 1 ^ - - o' L>Cj \ — Y — Y 

. ^jjijJS j Jk L y\y^L*\ L Quick check jj - \ -Y-Y 

.Colony PCR y >jj -Y-Y-Y 

.^o>.l J -VjYC, ^1 l>iJ -Y-Y-Y 

. E.coli BL21 (DE3) ^y y -L»jY>L JUill -to- Y 

. yJjjy <jLj — \— to— Y 

.Colil y*^ -L-u j yi2s*~ .x^YL S CL) y£2\ — Y— to— Y 

.( s jJL yd\j+- *j_pl) Crude enzyme cJUi -Y-Y 

. j^j\j j^jlxjL—L —V—Y 

. lsj\ j*Sl yJj J y y£*\s>U — ^—V—Y 

. yJLj -Y-V-Y 

. y y^yj j! ojLLX*)l L yijjy ‘"Lie- i y^ -V-A 

. fiy ' L ^-^-i c5^° <jiz*-> -^-A-Y 

.CjJ-« 4_j j <.—fiijL>e>s ^LaLj^ — Y — A—Y 

. ^^2JL>- OwJl^-9 ^1 jj 4is.>^) pH Y 

.^jjjl ij^wJL*_9 ^jl — \ * —Y 

. (Jjc_SCo*j j j^2j>- ^jlJuL j jj —\ \ — Y 




^j^L_l 9 ^ ptale oIsLxj&^^j (gy^S") ^jl^j 1 ^_o_Lc ol^^Ual oLslL jl ojLo^jj 4 j lOl.Q.-.o.^tj t|0^1c l^jl jl OjL—^ ^ cSto C-^1^0 ^Ia4JL*>j ^ fcLbA-oL^jLL ^L&o^l^o—--) a^LcI ^ o-j a^Lj^j-oI ajL >_5”jo_o aj IC —^ 

.CA-ol -k oj^- o olj^Ao y ^y-ol^3 y L-j y ^1 ^Jju y Olslodl y (YYYA) y 0 ■ t^jLflJ^o jl Ojl_oO>- ^^jlS AjL ^ ^yZLSby'j j ^ l£^ji y ^)lj^l*-ijOj ^yysi^ ^ol5" OjI cj L ^1 jl 0 >^Lq.. •■>! y oJlCi pOtl^3 (t*S"|jjj^j|) 
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.ijj! owUJsSCa^j lo j^ d»>-Jlx3 ^ Y—Y 

. fi/j^jj-^r-Y 

. Jj2Pu 43^ jMti 

.GH11 (xylanase) jj j -^-T 

.^1 \y^\ -Y-r 
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.^ jloU -Y-r 
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. ,%jjjl J- — 

.jjjj 1 j ^s>zi^o ji o^LiLwoi l jji OwJi*-3 j-i _ ^ _ r 

. a \ * ^ > ^to —\ * —r 

. AJLa£5 L) j ^LgjLaj <. fiAx^>c^a ^LaLo jl j>- ^jIJjL — \ \ ~T 

. ^2}\s>- jj 1 OwJi^-9 jZS\jj>- 1 jj a\*£> pH ^j .^xj — \ Y—r 

. j-> L ^_)jj ^jIj —^ y— r 

.^jjjI OwJl^-3 jj *.—fiij^>e>5 ^La oJCJi'jl^o j ^]| ^La <J^L>- ^jIj _ ^ r 

(jj! j]S l_$\^j <. iilx>e^o ^ La 1.1 < L? Lp «*j^jI ^jlJul) ^ j jj — ^ 9 “—r 

. 0 j j I j j^2j>- ^_>jjl o>-JL*-3 — \ V—r 

. j jj Q-slgl-p ^^lajlLwol ^s>z^o ^ A—r 

.^^ww^S” ^La yj ^ 4«wwoL>t^ ——r 

. C-^>c-wo ^£jj j-j ^->Jj ^ J °j , dJ ^ — ^ 

. J ^J 1 ^- J*** 
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.La j^j 

...................... ................................ ................................ ................................ ^ ^****\^*j I 0 




^j^L_l 9 ^ ptale olSLpjag^j (^tiS") (^5^^ oUDUal olSoL jl (^r^D/^/^ 5 /^ ‘^D'W^ o^Lo^jj 4 j fcOl.Q...o.?tj I33) jl ^ ^ CjDI**^po ^Ub4JL^>j ^ iUbd.olj^jLL a^LdI ^ o-j a^Ij^oI ajL jj -_5”jj-o aj ic ^>^Lmjo 

•C^ol ^»JuD) -Li oj^- o olj^Ao ^ ^-ol ^3 ^jL-j ^ ^1 ^Jju Ol^D^^i ^ ^ om) j 0■ ‘S3*) ijliJjx jl CoU^- j* 3 ^ i^o_Lc (^I^j L^-*j ^ ^ol 5 " CoIcj L ^1 jl o^Lq.- -.1 ^ oJl-D (Jljjl^l) I olcDlbl 
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If)I o 3 ^jm Jw*S\_*Xw' ilj,i ^^fSd ^1 jI ^^ 3 ^ ^ — ^ (. 

.Chakdar, H., et al. (2016) jL^Uj ^aJCJi’.iJ y <s^^S J. :Y-1 JjJ^- 

. ^UYAjI^ _J-Xjl (jj y3^j j^l y o-LJo oiLlX^I ^S^lpl ^J! y 0 — Y J^^j>- 

.Y * ^jLf PCR ^L>ej! ^1 y ^ 33 ^ 3 ^ -Y — Y 

.PCR 0 —LajiwoI 2 y :Y“—Y 

. 4^15”^^ ^.,-? & 0-)C*S"^jj ;Y—Y 

. <C\Sji ^o_'jj! * .I, -? & :D-Y 

. J1 •,-?'' ^w*S^ y '.9"— Y 

. o-^JvS^jd jiL y iV—Y (Jjjj>- 

.(i-i.pl u>l-&^"_pJ ^3j. : ^ _ Y dj-^r 

. C^=~x ^Lal^^oj-o ^jj _^> d>°}t3 <_5~"J^! ; Y—Y 1 djJ-^- 
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(^j^L_L 9 ^ (Oalc olSLw- A g^ (gtlS") ^jl^jl OU^Ual ol5oL jl ()Y^&/^/P OjLo^Jo 4 j (OIaJIau l^jl ^Ij^ljjJj ^yyCL^ jl OjL—^ ^ 0^1 - .^3>J ^lAdJL*>j ^ klA^Loli^jljb JjbO^l^LJLu 4£l2u1 ^ Cwj d^li^o I 4jb y 4j ,_y J y3~j^ 

.aU>_al byyo oIj^ao j ^-ol^3 y L-j ^ ^1 ^jju ^ olsbdl ^ ()YYA) ^jljj-o^j-A ^ i^jLu^xo t^jlflJ^o jl o_j l_a_>- ^^ils djL ^ ^ ^ <^-o-Lc 3 ^ol5" 33j lcj L ^1 jl o^Lq.. ..tl ^ oJlw ^aI^s (t*5"ljjl^l) 
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j*.Raptor x ia—jY GH11 endoxylanase *jjjl ^jLJj» :Y Y-Y Jidi 

CO. ^J\SDS-PAGE :Y Y-Y" jSdi 

CY.Native-PAGE c~Aj c~«—^ ji j Gj jSdT L ^j^l 3^j) a_^- c~«—^ ^>1 ^ j^lj :Y Y'-Y' Jibi 

CY. c— lj c^-o jl ^y \ cJUi :\ Y-r Jibi 

CY.jjljlj ^jIaIE^I ^j>zXo 0 j—Y JSjjo 

CX . ^jll cJUi ^'JJ J,' Uj jJI :Y ?-X Jibi 

? YY-YV-Y* (jUUi ji j AJLsi 5* jUj OJ» jj *jjjl ,_yjlj^ _j> OV-Y jSCi 

^.c^rj - 5 

pH?' CjIjl-wS yL - pHV lj pHr CjI ^ j-» 1 C—Jl*-9 i^jj pH ^jI y, • ^ A—V ^|5oJu 

D 6 .PhW l: pH^I^ Glycin- NaOH yL j pH 

0 ? . ^<»w-L-a \ * ^ ^<»w-L_a d4iip aO^jI CLwJl*_9 y <. _flljo>e^a (^LgJ y "A Y JlSoJu 

<5Y. j. jlp j ^yjj y -^jj uslf^r j\ :Y *-Y JSC; 


^ p»ale olSji A jjj (gyt5") ol^jlbl ol5oL jl (YY^ib/^/P OjLo—o 4 j ^j^Ll 9 fcOl.Q...o.?tj Cjjlj^) l^jl jl OoL —a j ^pL-o-SA C_»jE«^aPo ^UbdJl—>j ^ A^Ljl ^ O—_) d^lijj-o I AjL jj —S"jJ-o ( jjl 4 j | C ^-o jO-O 

•O—ol E jj^-o o!jj(Lo ^ j^-ol^3 jjL-j ^ ^1 ^Jju Ol^jL^I ^ CjlslpOl ^ (Y YYA) ^jljOojJ-A ^ * jjlo ■ t^jlil^o jl Oola^* 3 3 jj^-ol *^ 0 - 1 ^ ^UbL3JJ& ^IjJ I^-*a 3 j)lj 3 ^'^ J A (3^^* Ool^j L j^l jl o^blOtl ^ oJlA j3 (—5"ljjljjl) qIja! ol^jlbl 





























DV.C-Jilp jj I jj J >I CjL jj j\ jj iY \ —V JSCji 

DA . J\jy>- t_5vg*J |*j jj I C^wJl*_9 ji Y —^ 

DA. jj‘1 ^^ /%-j1 y •YT— 1 V" 1 ^JSwi 

D<\ .ojjl Jj)-"^^ A-j jj I C--Jl-*-9 ji Y—V 

D<\ ..Bovine serum albumin jl o^Ui^l L j :jji^_/ J*jj ^ ciiLp ajlJuL^.1 :YD-T JSLi 

^. .jbjUj a-j^jI D y^ 6 ^vw^Lo ^s>zi^ :Y ?-X JlSs_Jo 




^j^L_L 9 ^ ,oalc ol5Lw- & g jj jJ (gtlS") ^jl^jl Ol^^Uffl olSoL jl OjLo^Jo 4j .Olo.. Q.^tj t^o^Lc *— ’jlj^) l^jl jJ ^Ij^ljjJj jl OjL—^ ^ ^g.Lya^j _•>! - .^3 >J ^LbdJL*>j ^ tUbd.olj^ljL A^LajI ^ Cwj I dj L jj i_S"jA^ ( jjl 4j |C ~o jILmjO 

J gjjjjq *Zj\jj£lq j j> L-j ^ ^1 ^Jju ^ ol°b*JI ^ (IYf A) ^jjl j jl Oolo^* <jylS djlj ji J 3 ‘(^5^33^^ ‘lS^^ ^l&t—SJJb i£^ji 3 ^jlj^l Jo Jo ^al5" JUjIcj L ^1 jl ojlalLwl ^ oJ wj (t*S"ljjl^jl) ^jl^ol Jol^^U^I 








Jjl J^ai 





^ jOaic ol5Lw- & g^ (gtlS") ^jl^J I ^-alc oLc^Uol olSoL jl jlj OjLo^Jo 4 j fcOl.Q.. Q.?cj t|O^Ic C-»jlj^) l^jl jl CIajL^ ^ ^g-Lya^j 0^1 - ,n >J ^LbdJL-jj ^ ilftA-oli^jljb tUbO^l^J-JLa i 4^l_Jj1 ^ Cwj I 4jb i^"jaXo ( jjl 4 j |C ~A> 

•Ca^oI JayjjA *Zj\jj£lq j ^-ol^3 ^jL-j ^ ^1 ^Jju ^ Olsb’dl ^ (^VYA) ^jL \ .*. o jSJb j *^jlo ^ *sa* ^liJ^o jl O-jLo->- 0 yli djL ^ ^ t^gxoj^-o! a ^g-o-L^ 3 ^al5" C-jIcj L ^jl jl o^Lq.a ••>! ^ oJaJj 



lyjSl 


J J 3 0 w\ * a> ^ I.A ^J I «A»\J JJ 4j ^^ t-J J^J , _ ^ *aJ wU^>J J L-^^a^J J - -^ - ^ -Q J ^ l- ->-3 


u c^ l^ L 


^j^_U- j«:/ llj Ij j 


^LIi>c>j ^La 


3j £>- 4 ! Ij ^^1 >j 4j>-JJ tw\jl4^ Jj|.i aS* ^lo^UJltJji C^-3 ^—Ij yj ^Swj ^^ (^LA^jjjl °jjj«*l 

j! y o^Lil^ol 2jy C—flJjj>c>J ^_j llv^ j3 j j3 j 4 j 3j^"^ 4 j lA^jjjl ^jjl .JjIo^I^ 




}l _o 3 jj _a Lo C^->c_^o Js2j I 4_j l_Ap-jjjl J^jl jlJ ^»Jp Cl-J-P 4_j) ^j y I i^_9 j3 


jZ*S ^jISCj j ^jLoj ^4ju jA L) o j^jI jJ jj j^Jj>s_A*_A j jJ jj ^La^AjI y o3jlj ^j^oljil c(^>L^Ow._Jj ^l y 


cj^o 3 yy ij jlS J2j I^.Jo 


il y ^0 j ^1 ^La^AjLo_^_) ^jJLaL_S” ) d*_j _>e>J L_) ^jlS”jL-«-*J J ^I4 jL>c1S' y\ jl ^ ^*S\_ _ ^ 


(.3 y^ 3 ^y ^jJ I (J-LaLS" ^ yT^ 0 4S" ^y L-^-wj 


I_&4_L)jA ^^LaI—S” iJA _pL) 4_S" ^l_^>- 31j—a <>_9 j (jlj_A>J ^^LaIS* ) l_A^jjjl 




4j>C?6Jj Li Y— \ 


Lg_ XlS Ij o _Ip! C^-Pj _^ ^jJCuIji! 4 _j ^ _-wwwA _-vuj jSD j>j jl Ia^-J jj I 

-\—J y 4 j _w^jj ^LaJ L) I j3 jl col^l3 ^>-lj O^lj^ol L yS*-> c^cj jIj (J .w\J yS> L^o Jj 


‘lt ^ 0 J 


^ jj cCjI JwJ t^lSvJ! oL jj *.z~a t jlj jjuLo ^ ^»j>cj dj'V « 


^jl—^Ji ^.^^\ _& y±S>i~a jl l -^.aIjIj J j)L jAy^>J c ^Ky jl (JL-*J J^j-^ ti _A^_^ 

^t)Ll2_ s&\ .w\_jlj c 4_> Lo jy^s>- ^ y*s>tA ^S^aS Ij (JL-o jlj-^ J^-^T y& A y> O^IaL^I 

CjJ_ Jj 4_j La ^-jjj I C-*-Jl*3 4^ L>cjI jl .C--_ ^1 ^ yas>zA OjjS 4_) J 

- y^> jj—j 4 j £-^lj La^jJjI C—A_J^S" .w\ _Ji» La^-j jj I 4_) ^jj I 2 y) La ytS^A C^wJL*-9 4_j J 2-0 ^ 

^lj 4 j Ij _y o-A-Jo yy 3 yr Aj-A-Jo y$y ^AW (JL-*> j3 jljl .3 jj 4Jl^j!j j-* j 


4-5' wL } w-\^w^ L J La *.*} L ^ b yyfy Lr^' 3 C^-V^y Jjy XS 4j Ij 


0 L .AA-.J &S ^A^S” ^ A A«S* ^.AaJ Lo 


^j^L_L 9 ^ pioJ-C olSL-^Jb^^j (gtlS") (^ 5 ^^ Ol^^Uol oLSoL jl OjLo_Jo 4j fcOl.Q...Q.7tj tjO^ic Cjjlj^) l^jl jl OjL—^ ^ -iO?u ^UbdJL^j ^ fcl_ib4_olj ( ^jljL d^Ljjl ^ Ca*j 4^li ( jj_o I 4 jL jj ^jjl 4 j | ^--j 

•Ca^oI -Liajp-o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^Jju oL>liLsl ^ OlslpJI 2 (^VfA) ^Ia^-o^J-A j 0 ■ ‘S3*) I^jlflj^o jl CoU^- ^-*li j* 3 3 j 3 ^I 1 ^-o_Lc 3 ^jjlj 3 lAjAj Jol5" CaiIcj L ^1 jl o^li^ILwl ^ oA-ai pAtl^3 (tAS"lAil^jl) ^jljjl 



^1 jj jl jA o Jb- aa>- .OYV\^ aa -ol < 9j jxj* jjb« 1 ^*jjjl ^ y y 1 &jjy\ 

ys _4_j jS"j L*l s jS" c— <lsS c-A_ s ^y AA_JojS” ( jAjljS” < —^y~y ^S" J ^ 

^ <0.j y I J ^j 2 ->cj ^jjLj (. y^^S j^ ^jjlj jj_JAo S jj jlSb jL_woLo Ij ^*jjjl 4S” ^jj ^_wmS” 


l*jjjl 


<Sjj jy ^ oUJUa^s Ja \ A j y J jjjl <S^y (J^jJ yi c^^AJj^^^ .aa —^ 

4_) 4JAo LAj J A_o L) jjjl LaAj*j aS” AA3 jS” jl j3 yys*xj ^jy 0 Jj*-/ 0 AAL>t_Jo y Ja^o jj AAwJo jS” yj2-& 

j _.q.j>t-> 3 Ja_ jj _$J I 4_j AA3 jj<»j>cj 4 S” AAbS” (( j jl_L jj )) . AA^3 Ij 4^o b I iy I jj \s^ jj o ^ Lo ^ La AA3 

Ja._-o jj j_joJ>cj 4_S" ^j_S" AA_ > Ij (( jA>- J _ 1 1^ J )) 4 j jJ_«o L j I A^j . 5 j__J 0 jj Ij IS" 4j b4_b^- jj 

_a 4_*bl Ij ^ y~ AAJL*_3 jb>t_*>-A 4 IJji._jl jA_*-J IAj>- jl A^j 4^ ^ ya ^j^jLaJjSJj- 4 

)) ^j^_)I j^j__S” ojJL mj jS" j ^jl, .L A_>- .wL-«lj ^j^jI Ij LaJjSJ y y I (( jjAjS” y )) 

. J_j ^ yj jj I 4_J j I Cj L*J Ua^j j ^ ^j I y ^j 4 j (( wll^j I_^ yy >-)) Ja_^ jj ^ ^ Y ^ I_^ j .i (( j I o j j I 

_Ijl L^l ,d*_>-^1 0 ^j__) j—y ^ _^- , o^l-A^_^1 4^jjaJL>- ^j^jI ^^jjIS" yy _^^jj (JLoJj>~l 4 j 

^ ^ T ^ (J I_^ j ^ 4^ ^ jj ^j I yy *- l-^A^J Ij y^y jj c ^ / I J-o ^ j j j jljL 4 j ^ j l>tj dj j j-v^ 5 4j &S y±-> jJ I 

jl^_9 0 ^LaJLwoI ^j jjj LaoAJjj—A> J^ ^^jl5 ^I^j j oA Si aJjj jUI Rohm ^lj 4 j ^AA-o-JL)b Ja ^»jj 

^y ji^—^ jL ys j^^Sy y ^ JLo I j Lj j^ Laj^j jj I yys*- (JL>~ ^jjl Ij .CA-s ^ 

yJs a I Lij I j jlAJcS\j ^L&^j^j I j (J^ .AA3 Sj j y& y I jj jj CAS" ^_Jo Ja ^ jj 

^^jjL_S" j .s^ala- (JLj>- j^ .AJ.A Jo ^jIA P ^ A 1 ^ y A-^^^A^A^* A 

/.A 14j wo LAj /A \ 4 I '-**-> /AY c L& 0 wUj j Jo /. V V ! A Jo L 4^-0 ^j j^j I 4 j ^j L^j j ^ La ^j y I 0 a^p 

.^b l51jj^- !.? j ^IjiU 


c^pj UyjJlYM 

4__S" La AA^3^-JAo Ij 6 jajI ^y\~jLa j} j _Jo 4j La^j jj I A-J jj 4J JjAS* j ^3 ^jL>L> ^La4_A^ j^ 

aS* AJ^/ lA-o Ij jLS^I jj)I AJ-JjAS” ^LaJL- J^ jlAAo_JA)b .A-Jo j—^*y AA-S ^ AAjj—jjoj>cj jJlP J^ 

AAjA_ j _a (^Ij_ j A_)jb ^jjjlS" ^vaL>- ^%-j j_>I ys^j ^1 jj IA-S" y *S ^La^awoL'jIjjSLjj ^4L_«o jj 

A^ ^ J 4_JJob J jj j IS” 4JJ_— LAj j- ^ ^ LaI ijL»»^ ^y I^j! 4 A»»-\S” A-Sjj ^a ^ A j^j) I 

^La r>J | .(Fernandez., Y * * ^) ^ j_S" o^Lj ^ol L^jI jl jl jJj ^j>-L-wj aa»*j j LaoAAj y^s aJ jj 


r 


^j^L_L 9 ^ p» ale ol 5 L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl (\¥^Cll^lF' 3/^ OjLoJo 4 j ^j^I-LS fcOl.Q...0.?tj l^jl jl OjL—^ 3 ^.Lya^j Cj^I**^qPo ^Ub 4 JL*>j 3 klibA-oLi^jljL Afljjl 3 Cwj I 4 jL ^jjl 4 j |C ^-o jILmjO 

.c^ol is3^^ oIj^lo 3 ^j^-ol^ y> L-j 3 ^1 ^jju oL>liLsl 3 CjIsLpJI 3 (^Y*fA) ^Ijj-o^j-a 3 o■ t^jLcJ^o jl OoL^^* ^^ils ^jIj j* 3 t_5^*^33v 3 ‘ls^^ 3 AjsW'H lS^^* A°^" C-ol^j L ^1 jl o^bju^l 3 ojJ> (^S'IjjI^I) ^1^1 



Jaj I j d 4 > ^jj_o I 1^5*3 J ^jI^—< 2_ld>t>J £_d> 4-wo jl L5^*^ ^ 

^ ^d-o JjIS (_jt yL-*~j>j — ^o jl ^slS” ^oliU ^j^>-j ‘i^ji j ** j^~ tpH jl ^zS\j 

^]l J ) j— mXJ ^l 5>eJ I ^1 j—i ^J V L-^ ^1 jL J ^ 


j j _>1 jl a :* ^ 4_S" wdS” jb_*-*> lj ^jl_A^->jjl o^-Lo j^li lj La^-w-oIS"jIj jSLfl 40wbj ^l&^J^Sdoj 


b jlSC*l ^jj I ^jd )^jj ^ wOwlb^>J ^l) 4 j i^J j)J^ iSo ^o ^t-l^" (.J - ’d* I i ' j::, “ lA* 1 J*>A)ld J^l-b 5j 

jl aS" Id? .wdS^ jd-o lj ^y*j jj ^L&^jjjl wbJ j>- J-J jj L lj jljlJd Jbta jld>-l 


• ^1 wbj^l*^” wb-\S” 0 J Ifi-JwO I 


^IJu La^jj! 


jl)l« tjLwJ ^-l~° ij*A^I 4jlb^^jw^LJj iL a owbx_>^»jo - ^ 

jljj^bl ^ jl)^ 4 j^hs-A 1 jS” ^ 4 j^Ky^ I \jy^J j3 do ^Jo wLJ ^ Adold) jJjjdA — T 

jl)/ jJLS'jJLII cjlwbjS”^ jIojI tjlwbj^iS" s yiS"Lo ^ j^jj4jlbJcSo 4jUV^-l j 4 j^A-w«I il&^jwLbo— T* 


jtry 4jU 4^Jj :oldJ -T 
jib J^> 4jlblSo 4 j^fl) IS” 4j^y4 j^Ay 0 I !^>“lwwj —& 

jld3 4jlbj^J 4 jl) IS” ^ls”j^bl 4 jl)^A_) I j oS”lj^>“ — 9" 

^ lo ^ j} (.J I wb»ww^”I^S” ^^lS” 4jlj^Ajlj i^jIjjI) —V 

jlbb^-J 4j^ ^i-wo 4 j l)^Ao I j 4 jl yz^j\ 4j^ 4 j^A^ol ^jl^IplS” —A 

jW J j^J : cij'^ j y 7 
jl)*)ljlj 4j^*do>-— \ * 

lj IS” 4^ lS”^[ 4^ l\^Q lj^J) l S” ^ ^ 4^ I wb«^A^S”IJ l^ ^ ^ 

^?L>- ^j-jjlS” L c5^ & ^j j ^ — ^ ^ 
jlj|j2-w_3 4 j I J-^-vS” I^j (^Ia^ jjl AT —\ 

4j^>L_wo I cjTA^_wo I wb_ ^ol i-SCjlj ^iS” 4jL>ljJ_ a _) ^bo ;^jjjI^ ^ l_&^jjj! A T-T 

^ I wbwwS” I wb—^-' l^^ww^ I ^ Cj w 


^Ij-o j^l_’IS” j jl_wJ 4 jl_b_s^>c_Jo ^jlj_J jl d_la3l>c>s 6^LiJ_wol Sjy* ^l&^ojjl . T* — \ T 

.^^-oLoO ^l&jbl 


f 


^j^L_L 9 ^ p»ale olSLL A j^j (gtlS") (^ 5 ^^ —-il^^Uffl olSoL jl OjLo—o 4j ^j^L— 9 ^OI.Q.-.Q.^tj t| 0 ^l£ l^jl ^yCL^ jl —^jL—^ ^ ^_L_^So cj^L—^UbdJL—>j y iUbd.olj^LL j Afl—jl y uj I 4jL jj jJ^o ( jjl 4 j ^—>^——>0 

,0-)l ^»Ju—> -Li oj ye, olj^Lo ^ ^j^-ol^S ^jL-j y ^1 t^Oju oL>liLsl ^ CjIsLpJI y (1 Yf A) ^jIJlLo yjb y t^jLfl -—£xa ijlflJjx jl CoL^- ^li j* 3 t_5^*^33v 3 ‘(^5^33 ^^ ‘lS^^ l£^ji 3 ^j)lj 3 l*JjOj ^jyyA^ ^ol5" —oIc j L ^1 jl o^li£—.»l ^ oJl— i p^itl j3 (—S"ljjl^jl) I —jLc^UjI 



y jL_5CJ DNA tl_& y\ j^Aj DNA iDNA yj y-A yAA y$ o^Laa^I $y yA ^La^j^jI Y . _ \ T 

./ $y>\>zA 

<.j\j-^ajy>\ £y IS” cjLjj^jA^JO cjLjj^jA-JO AaI* j3 I^jL^OwwA .51 yA oAA£"aJ y ^La^j^jI — \ V 

.(Fernandez, Y* *<\) jUI jJLaJj^iJ 


Ia^^jI ^AJjaJLJ^ Y— \ 

^1 v^l ojyA 9 4j aaS^^j jdlJlS" &A y L-o_wj ^La^aaS”!^ y. L> La^*j JjIcAj A>- yXjy^^Jij yS 

. y I A-o y A.& ^A AwAA" ^ a ^ A»o «-wvAj 

c A_aS” ^ ^ ^ L—* b ,^^ A_& LS” A L«^S"I La ^j ^5* 1^ 1^ La ^o ^j I ^ ^LS* y y^p A»«-«»v^" I ® 

. A_<Aa«vw& I ^^A ^-J »A\^0^l«O ^ y^~ ^ ^ L^cj I { ^ i yj La yj I ^ jJ i ^_JlPI . wA^O Lj ^ ^ A y L Ar y ^ y y Jaw^ \ 

yLS^u .oS - ^ OS' jj, j- 2 J^ 1 . °jJ? ilA :l*j ^jjO& • 

.aaaL.^4 A9 ^ A^ ^^ydlJlS” ^a^I^La^j^jI -^ 2 - w °^ ^Ab a^" oLScao *A 

.Ajjta oA^P 4_j lj y LwOw^Jo ^Laoj yA (JUlAjI ^La^jAASIj iLAjI jJL^. jI y • 

b ^fb j lt°a^ ^ b >» oi' yjyA • 

.AA&^^^« (jL^/0 y^XJ (_J 

4jI Jloa CjL-^L ATP j! i^j y I y ‘^-^ J 0^Lj ^y±jy\ OJ^ y> I !LajLaA» L LajLSCJ • 

.^^ ^ l ^y ^^-Q im\-}y*J ^ ^«P*Lj I 

,(^VA^ c^A<jj>e^o) Aj y-* 3 (_^LaAj4j ^jLao^j5* ^AaLS” L ^Ajl^il A-pLj La^j^jI iLa^LJ ® 


Aj A>- ^La J J^Jll 15" L-^U-Jj jP jl J ^ ( y ^^a JJjiZo \— Y— \ 

tl 3 ^ Cj ^ J Ao^j yydS^ \ * ^S”L>- o^S* jAAa ^LaJ^ i-^ 1 ^Ia*j 

CA-JlS” A^?j^ jl ^jJAo .AJiL^y ^ * Lj ^ j e:jj Ijl^ lj y^jy 

jl yS' La^-oLS* jI J ^Aa ^jjl ^ yj .Aj ySi jj ^ALSsAoLojl y^XA ^ La^jA^j Lj La>c_Aj y 0^ 


1 Metagenoics 


A 


^j^L_l 9 ^ ptale olSLObj^j (^tiS") (^5^^ ol^^U^I olSoL jl 3 /^o^LoO 4 j «oLl^a^u (^ 3!^ Ojlj3) l^jl ^I^Iojj ^ 33^^’ jl OjL^ 3 ^-L-^So o^l**^po ^Ub^JL^j 3 .Ub^U^jLL «1 &o^I^_ljo> d^LSl 3 o d^lj^ol 4 jL jj ( jjl «l> ^-j^i-j^ 

•O-ol ^>jo -Li oj p-o oIj^jLo 3 ^-ol^ ^jL-j 3 ^1 ^jju ol>^Lsl 3 olibJI 3 ^jl3 t^jLflJ^o jl OjLo^>- ajL jj 3 ^0^3^ 3 *^^0^3^! i^o_Lc ^Ub(_djjb L^jJ 3 ^jl^ljjjj ^33^^* ^olS" OjIc^ L ^1 jI o^LqOjI 3 ojO (t*S"ljJl^l) ol^^U^I 



jj jUu .JjIoJjLj ^yb 4jaJbjoL jblS” j^jy JJ-jS" JJ^ 4_) a 5" J-JoL^y ^SbJjjb« (^by jjl 

^ J_)J (_£ 4 *J Us2>3 JJ jl J ) ^—A jl (, k ) J*. J J^ J J_jb^—4 C S^_L? jj ^y J ?>- 4 ! Ij 4 ,^?a> 3 3 jjjl 

c 9J & £__9lj y$ .^jb ^1 > ^j-wsSwjjjj! J* Ajb^ys Jj j ( yab?J Ja-j>txJ L_$b j^ 4^ ^yby^-olSjl j 

j 1 jj^ cjTl a*- a j I 4 Lqj>- jl ^y^Ja ^bAJa^atxj L& i jj ^Sby ^Sbjjj ^jJ ^ b)^ y^_y j-^jba 

jl ^ jj j ^-oiLwM-o ^1 I 4 j jjjb« j^ jibbed . jjoL^ys jb j^a^ j jljbo(jJjl y^ °bbj*o 

4 S" J_o jj ^ybwb y*_Jjl 4 Loj>- jl jljL_$b$-A j ^_y^. ’ ^ ^Ajjbo .Jjjb jj ^y ojjo ^s ^bJa^a-oj 

^j^yj ^j —j I jl o^b^_*-*>! L) L^j I .Jb/ ^L^jJJo Ij ^lay>E>a ^b4jjl DNA ^jbo ^JL^o-a 

16S ^11jj (_£^y y y jA^a 4j j ^jbo4_jb^_A ^jli jjbj j> b La jjiSsj^A j jl oJjo ^1 y>jj-ol DNA 

^^i^bL^*p ^ j ^ I jj 4^^a< ^ y^ t i _) I jj Ij ^j j b.^ . Jj ^ o ^ Lzj»«o I 

4 j ^yl >Jul ^J «b- 4 j 4JLaO ^1ay>t^ (^4 jj*q*j jl oJJo ^-1 y>cJwoI DNA ^^Sbb_P ^j jS" 


(^ * kb) JA rijL_s>- ^J-^jj^Aj ^LaJ^JU jl 


JL^o 


•SJ 2 .& yfi OlsJa3 




o^U^ol ^y*jjj ^ly ( Y* * kb) BAC j (T*kb) Y L 5wU«jli j ' L 5J^^olS , 


I J tS'l) wo Ij^o i^Aj 4j L^jI jjLwjl jj j DNA ^L&4j j^oj jl 4jl>tJlIS , jl ^%o 

_a 1 b ^^ys o^Ij2JLa)I ^y2>c_JLo L_-wOjl3 b ^La4j 0^j-^-J I-Aj>- j ^ ^5\Jb^P j (E.COll 

DNA J lAj'V jl_^ tl_fejUjjy fc b^jl I tb&jLwJ -9 ‘^ w b J b b ^ylApjjjl jl jj 

~^]l j __> _*-*> j o-A-Jo ^jb-*)4jEw^_A Ij o^LJo ljj>- DNA c^jl jj jj jS* ojbJjl La j I 

j—i ^ \~*a ^Sb) ^ (^^(j-^jj j^ j-»A> ^y> ^yb^j !jj b^w^L^J Shotgun L^bjjb lSA*S 4_j L ^ j-Jo ^y t^b 


L* 


l ^A)bwwO 


j- 2 y 


^ 90 - 


Jo la > 2 : 




-I ^Ja ^00 I y b b&i J j y j' LsV 

jA ^yJ 0^bjJ-o! ^yj ^Lao^IjjL>- 


y A iw^ ^yjl^ I )E jj| y LoL m» ^yjlS* T ^ ^ 

tl A Jjb jl ^—fi ba J J jj j^ a jJ-Jj^j t_S" j jj ^y*Jwva jl jAP ^ ^ j jl ^^Sb j-v^b’- (Jb- j^ 

j^ j Jlaljyb 4JjJjjb (jl&4^i j^ J^ljJ$bjy J^ .^jb oJ^-P y ^ylAp^l yA j ^yb<>ws_Jo^lj^ 


1 Cosmid 

2 Phagemid 




^j^L_L 9 ^ p» ale olSLj-Jb^^j (gtlS") (^5^^ Ol^^Uffl olSoL jl 3/^ OjLoXo 4 j fcOl.fl...0.?tj (^3!^ Cj^) l^jl Jj3ljj Jj 1 _33A> jl OjL—^ 3 ^.Lya^j Cj^I**^qPo ^bbdJL-jj 3 iUbd.olj^LL d^Ljjl 3 Cwj I 4 jL ^jjl 4 j |C ^-o jILmjO 

.c^ol -Li oj p-o oIj^jLo 3 ^j^-ol^ ^jL-j 3 ^1 ^oju ol>^Lsl 3 olibJI 3 (^Y*fA) ^Ijj-o^j-a 3 t^jLeJ^o jl OoL^^* ajL jj 3 t ^jj 3 t ( ^jjj3*ol i£^ji 1^-*^ 3 Jj3ljjjj ^33^ JolS" c^jlcj L ^1 jl o^Iailw! 3 (t*S"ljJl^l) (jljjl 



j3 j jJ j^So j^j j jjwb ALJjI^ ^jI5_P [L^ j ^c^ZZ 3 JZ £j iZ^ ‘■La^jLo-o 

4_^Jj j3 jjJ-oljlS” cT^.j o^JJj^"^ ijy^^r ^jL^^Si ^La^Jojj L> d^olij 

j3 .iA_jIo^ j_) A_ >-jj 3 j j^ ^Lw*jj JJj^^S* I J) w ^* c ' 4 Lj j ^Xp tl)lj*P ^ La^w*wuIS*jIj 

4 ^^V^^»*»£jJJ l_ m^A L««^ jl ^ ^ ^\J . w\-^^l L) . ^4J ^ y*mA J [ Cj 0 ^ ^ j l_^ |^-W.|J LS^ J ' J ^)j«»^iJ ^ ^ S* «—\j J L J.Q.JlG . ^~ 

jtfAxxSjlja»c_ -^j jl 4_>jS* ^ * j' ^^*«i* ) Z z~~ *S" i * .«A a^jL i ^^ .. ^ o^L^S*jlja*t_*^j i Li I Z^~^*~ c_Y * 3 3 ' ^S* o3 

j jl S 4j— j i 4-lli *»jS" \ j_a I t JZ.Zj z ^>c_o^a ,^1_aI djljl j-j>- 3 3 l '—- , ^ 3 ^~ ^J-' 4 ^*-*’ ^ ^->L^LwJj 

3 I j—a jl o^Lsl ^<jI j ^ >j>tj L^j 1 ^Zj\ jS* ^Z+m**^ j °z j^ ^ 3 ^~ <J1-jIjIj-j>- ^ 1 .^UwJoL)^>s Ailjj 

* 1 I j ) j 3 j 13 (Z L —***■) 1 ^ ^ 1^ i ^ ^ 3 Ij j l 1 o j I j^caui i ^ Lj I z^^~ Z 3 L_y^ I • «.X*»*j Ij ^ ^ a »> b ^ 

jl j^ ^-o i^ZZ*~a CjL^S "jj Aj Ij ^aLS ^1 ja js oJ-Jo o (£z3 J (_£* 3^~ 

A S" ^^__Jj^ a otl)L&LS” z^ 3^ ^ l *~~ > 33^ *b> yZ^ijZB w\Ju! Ja^j ^ oJuZ ZZ^-Zj ^jj / 

* 1 ^ Aj o j -) L* \^-^-^~ ^»_>-i-i 1-3 ^ j-! I . ^ ^ *3) ^ ^ a ^1^3 Z «—^i ^ o3 LjL^^ 1 c 

^XijlS" olSCx wO 4__S" cj J__L>IJ J - ’J ^^ J* (Jj J-o J jljj>c-JL) ^jI jl jj 

d y<±J& ZZj j-v^ Aj aS' ^j La ^-ww_o IS* j I j j^^a \s^ JJ j^sZ-) ZZj I ^3 .3 j^-o ^»1 j>cj! 3 ^S* d^j j-v^ 3 

^ IJI 3 0 >1 » *S j 1 j^^r ^ L l 11 j^^^ - 4 - j L^* . 3 J *J ^^ A ^ L>^ I <^\^w\S* ^^ A J <»b) J 0 >1^S J I j^>t»t*^J ^ Y** 3 ^ 3^ ^ 3 

«A >o 1 ^3 j3 ^ i ^ cj aS L) ^^a j j 1 3"^ t ^ ^ ) L^\j c ^ ^ j 1 ^ Lw«-i ^ ^ -^«-^»3 j l ^ ^^qZ^~a 

4^wjLw« (^Sj^ ^ ^ lS* J^J (j^>c>j lSLj aS* o 3 JJ (^ j ^ j-wwJ ) A_^SLjj ^Owb^_P ^J jS" 

_ a o.Ai^S*j!j^ djLi! z*3~ a_L<>j>“ jl .>A-JoL^« JJjta (J-^2 j ^ - ]^ >, ^ , ^ ^-^z cS^ z^- 

.(Gharechahi et al., 2015) 3 £ 0 jLil 4j jljj 


^v.S'U —T 1 —Y—^ 

(^eil Jjl >-j i j jh ^S \^_A ^S” Jj^jo ^a ^Cj JJo ^-j J-i Jj J->- J.,<gfr 0 ^ 9 Z ^ jtjL^w 

jlj-i Artiodactyla ,jci j j Tylopodci { jci Jj . : \ t Camelidae ^eiljJU- iCamelinae 


1 Rumen 

2 Reticulum 

3 Omasum 

4 Abomasum 


Y 


(^j^L_L 9 ^ jOalc (gtlS") 0^^ (,5^^ Ol^^Uffl olSoL jl OjLoJo 4j ^j^I-L 9 ^OI.Q.-.Q.^tj Cjjlj^) l^jl ^Ij^ljjJj ^yCL^ jl OjL—J ^ ^g.l--ja^j JJ^R .<o?u ^Ub<tJLj>j ^ iUba.olj^LL 4cLil ^ Ojj d^li ( jj_o I 4 jL i^jJ^o ^jjl 4 j |C ^-J jILmJ J 

.JJ>_j| ^»Jjj) Olj^Lo ^ ^j^-ol^S ^jL-j y ^1 ^Jju oL>liLsl ^ Ol°bJ 1 y (^YYA) ^jljJ-o^J-A y i^jLflJjjxo t^jLflJ^o jl OoL^^* ^li J* 3 3 t ( t _ 5 ^ , j 3 -°l ‘i_ 5 ^-^ ^UbL-SJJb 3 ^jjl^lj^Jj ^ yySl^ ^ol5" JoIcJ L ^1 jl O^IaILjjJ y oJl-ji ^Jsl^3 (t*S"ljjl^jl) Jjl^^U^I 



4 >l_A £j 5 y La j!LSj a y A3 y La y. A 4j y j& y La j!LSj ^y)\\o -/O I 4j Lj 4jLajS" l_$Lj y La ySi 

4j La y^> .Aj y^^y aJu5 ^y ys>- ^iSbI j^l?LA j^ ^AA_o a o ^jj Aj A^- j^sS' ^Lft y^ 4j ^jJ»*Ao 

La <<0 a Lw 0 j ^ y^^^j 4j La jS* l_^Lj La . Aj j I ^ y ^ y La 0 ^5* A-«^^ j I j^c-Aj Lo 

jSLi ^ ^y\^A ^ J l ^ 5 J»*»*J ^ ^ A 0 ^ J . Aj J-*^> ^^A 0 Aj ^ 5 1^ L»»4 J ^ Aj L& j5^ A ^ 

.a_a^^>j ^J-^5CjL) 4jLajS”a$Lj ^La^la Ij l^l jl aj^L^ ^ ^ jl y^ aS* .^jb ^yrj L)L^j>- j^ 


^LA^4j AAj —Y—T—^ 

^4_b_*»lj 4_j j A_JoL)^—« AAjl_4 Aj A_>j ^_>c-o j ^jlj_A j <._;l 12 jI^_A 4_> 4A_^vj ^_A ^4 jAAj 

jl 1 a y^s* J A^ ^ A ^ ^4 >Cj>-j^ l —^Aj' AA-o ^^J^ jl ^ JAo t4JAlS\ A ^LgJ a jl AAaL j^ j—^ 

A A^A^ j—^ *■ ^b-^1 <j \jb jbjl_j>- A A A - ■*** j^— 1 &Lb" jl y JAo La A . A AS' ^ a 4 iAAj l 5\ >- jS* aL^L^S" 

yj\ > ^jAjjl L_j ^1 j—a lj La y A ^^A p 4 >c_Aj j 

^ vj2_a A Ali ^<j^5” j\ jj A AA^>t ^<j _A4 9^-Lp vi2_A La A .A A _Aj ^->^A p 


j .A_aS"^ _^s o^IjA _wol ^Aja^—£ p ^ ^ l£^a^ 


a_J j^U La ^_a .(Gharachahi et al., 2015) a_aS' l5 _^ J_*p AAi_^jl Aj-i 

.AjL ^LaIS" L^l ^jIAp yyjjj aI^)^ 0 ^ ^>Loj ^J-’a ^ ^-^5" <_-^a^- ^j'VL aAwAjIS L Ij ©ja^ 


jLA ^jA jl^ ol^A%0 y UI — &—T— \ 

jL_^>- (^oA x^q 4 S" AA «oA t a^ Aa^^ 4 ^ A^AJAS"jIa^-Aj ^jL^oIj ^LA a^” olSsA-O 

^A^A US'jlA>^ Aj a^c5^ _olS' c 56AaS' ji a>AA a! ^ aj^LhU^ *A-ww^I AAaLaAj Ajjb 

A OiA^^o JaI 4_^*j aS" oA_A A^ 

A ^ J^>* ‘c5j^ t^jl AA-o_^i jLpr 4j oAx« 

4_^52jj (J^L*-o) Cl AA-^~^Ji 4_^» 4 j oA^« y*-* 3 452JL>-j^ ,a^^^ ^J^52aj Ij eJx« aI^j-^-A 

s. .l_^woI oA_A (Ab a i <—^ jj) C3 a (c£j^2 cJ^L 5 ^) C2 (Ob'AAi'jl a>aa ^jLo 

j —^o ^ w^aj cranial a caudal yi j5 4j j o^b ^J^52 aj Ij o Ax_^ y^ a y C31 

~^y ^J^SvAj Ij oAx-« jl wLv^ j5 9" aAwwm_o IAj>- Cl s-y^~ jl j5" ^IaJI l5Lj aajj^^ 4j C2 *-yr 
jl ^jA-o a ^y C3 AA- 0-^3 j^ oA_*-« wi^ol aJ y .aa^I o^ja ^cLJa« a a^ a^ C3 a yr 


^j^L_L 9 ^ pt ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo^Jo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^l£ l^jl jl OjL—^ ^ ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL 4 Lit o ^ l^J_™_-_j d^Ljjl ^ Cwj I 4 jL ^jjl 4 j |C ^-o jILmjO 

•C^ol -Lioj^-o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^ olsLpJI y (^Y*fA) ^IjJ-o^J-A ^ o-t^jLflJ^o jl Oola^* 3 L5 -i~£>3jj ^ t^-Joj^ol 3 (-33^^* L ^1 jl o^li^ILwl ^ oJl-^i (^S'IjjI^I) A_A 



4_) lS 4_9^JwOOjJj 4_^$O0jj Ij OiJjJkS'jl^>c-JL) (j! yy~ (^oA*-4 ^j>ej>- jl wLv^j^ A* 

0LS^°l I—j ^j -^y 0 o.sljJ-04_^S0jo 4 _j ojLj 3 j oJ-Jo Owbjj>- ^lSO>-OljS ^ ^ oAJo OwUl^/0^*0 

4__S” (Jl* -0 j~y5 0^1—^ .55^ L^jI j5 y° (^£jJ^-OOJ ^1 y jl ^£^1 y ^*4?A ^ 4jjj>cj 

(_) '^>. 4 ^ o 5^y LS*iXuS*^ 1 0 »*j Lj 4_*»vO LOo I«-Xp ^ jl-S'.l—)La l^w«-a 

U^^olS' jl J ^SCw£ AJoj (^1 ^wolla -^ 2 -^ >t>s 4_^<»O0jj ^ wLaI y- j!LS^j j*j IAp ^1 y & 

fij jo jJ y i^j jj\ Ij Ijl^ Ij Ol I j j ^&LS* i£j^ ^iSOJ CjL^S" jj ^jUI y 4 S" J-joL^o 

l 0 w\ JoL^« ^SO»a 4_) j^> jJb jl ^jlp *A*I^” AJ y ^.Aj *L^o»$Ojj .A _*»y jLj^s (. 9 j*&a 4j L^j I Ja-wQ 

^ * 3^A ■>■ ^llalp 4 j 3 y** 3 y* Ial)I 'JJ^*_<>j>“ ^ o5^> ,-LJoj jl y^\-> iHwpL-o YT jl A*_) 


™ ^ ©^^^ 3 ! 4^_^«^0«^o ^^.^Owa l ^ y ^ 3 ^ 3 1 wV^_) Aj ^ 1 1 ^3 1 0 .>X«»>j^ ^ ^ ^ -J^ (_l ^A-0»o 

LO^..^i/j 0 «-J\^S'0^*~I ^ jJ^_0>j 0 4j j^cj La^jS”Lj ^O 1 * - ^«»^.^0jo La^^1 ^ 0^0 ,5y*^> 

j5 ^jS"L-w 0 ^S'l—j^—S'j I 4 S" CJs jl y y yr j 4j .wUJolj^« oJ^S o jO^- jI^J 5 

3 I 4 _’ j^f 0 _ <i -^ 5 y' <2-> l_^j y->jy 3 I a^£^ xS"l__> ^ 0^-^1 jO 

.Onr ,^i>.y ) jGjb ^jJ^Loj^J 


( 3 ir> ^iO> a J^jIyiL^J ( ^ viir 



jlS” -Uj5* j! yx^Lj Lw0 L <UwjlAa j5 yjj ^4^o^J» L^j J j^9 jll>- Lwo \ — \ ^J^Jo 


. von Engelhardt (2007) 


1 Archaea 

2 protosoa 




(^j^L_L 9 ^ p» ale olSLxJ fc g^i (gtlS") Ol^^Uffl olSoL jl ^Jjlj 3/^ OjLo^Jo 4 j «Obi^fl^u (^3!^ Cjjlj3) l^jl J>^ ^Ij3IJjJj 1 _33A> jl OjL—^ 3 ^.Lya^j Cj^I**^qPo ^bbdJL-jj 3 iUbd.olj^LL 4 Lit o ^ l^J_™_-_j d^Ljjl 3 Cwj 4 ^li ( jj_o I 4 jL i^"jJbO ^jjl 4 j |C ^-o jILmjO 

.C^ol -Li oj p-o oIj^jLo 3 ^j^-ol^ ^jL-j 3 ^1 ^Jju ob-^LsI 3 olibJI 3 (^Y*fA) ^IjJ-o^J-A 3 t^jLflJ^o jl Oola^* ^ 3^13 ^jIj 3 ls"**'^33v 3 ‘(^5^33^^ ‘ls^^ (^l&t—SJJb (£^ji 3 ^jjlj3ljjJj ^33^^* ^olS" C-jIcj L ^1 jl o^IaILw! 3 oJ^w (t*S"ljjl^l) (jljjl 





a— ww-ojl ^IowLl>c_o ^£4_P y±s^zA ^ 4_L^»*j^ 4j ^£jJ^-j' 0 ^1 ^o ^ jjji^o A ^Lw^SCjj 

^jS ojLj.1 ruminococus flavefaciens j Ruminococus albus L> Fibrobacter succinogenes 

.onr 9 ^j) 

^oJljjo ^Ij_j>-I jl 4 _if j%lj ji ^wLK ijZju jJ Butyrovibrio fibrisolvent 

v— k. j? j^j Prevotella ^ytS\j .w\jjl^ -LJoL^^j jLA jS" ^J^i_^o ^o^l ^y^~y° j^ y^* 

4 > jl ^ ^L-^SCjj jjS”L-o ^jl y& y 4_Loj>- jl ...US”i-LJ^L-*> ^ jljjtalj ^La ^- , jjl jl 

^ yry a La ^ y 1^jl wLv^^j^ ^ * jl ( _ J Lo i si j .i S ejLil Neocallimastix 

jj_b jl ^JL>cj jl ^LP 4 j w\JJLw^A ^£jl i-A j Li aSLL) I 4j 4j>- Ij LjI ALA^.^j La ^ j li Ij 4_^o«5Cjj 

I A^jj^A^j j j^j jj^ 4 jj>cj l _?yyyy ( jjj j .yjyy^yj 4 ji 3 ^S* ^*^ 1 ? 

j o j jj ^*IjJ! l^sj 4 _^SCJj .c~J oJ-jj i -^j^ ^yy jr 1 ^ (J 1 ^^ y y^ *° yy~^ y^ ^L>&jI 

jl ^^-U-li oL-^i i£ sijj y^jyjJj j ^yrjli < 5 !.^J cSjlj^^ C~~>j ]a^» S^_ 

— L_)l ^J_4 j aS* ,-LJoLj^^s V 4j i^$\_Ojj jl 4 Ju.XwjI jlj^a J ^y Y"V j d-olj 

<^S\ <j«S” jl*> s j'-’&a ^jJ^L-o^iSCJ ^1 ^4j j^-> *4 j t^Ljo ^-^jlolSs^-o^ ^ ^yy 

t djLi ^jI j^_>t^_A ^(^La ^LwjI 4j o^IjiL^I ^ yy° ( - ^^ j j^ tj jl 4_Lv^L>- ^1 jLlj 

jl ^__3 (^jl^ j °^ ^j y*jy~*jy*y^ y^ ^ o-^jo j ^ ^jl^ y I y y | *^- , Lj y^yy 

^y ^1 y ^o^IjiL^I jl yy~ i^ I y 4_^jLjj yyy*^ j_A L^Ju ^-^ 1 ^ y^ 

w\_^L)^ ^ yy j ^<>_a LaIS*^ 1 ^j^-^l ^^^ jl yy~ y^° ^_y I ^y^-~y° 

.(^nr ,^Ury) 


1 Xylan 

2 Acetate 

3 Propionat 

4 Butyrate 


^ * 


(^j^L_L 9 ^ jOalc ol5Li- & gjs (gtlS") (^5^^ Ol^^Ual olSoL jl OjLo^Jo 4 j ^j^I-L 9 fcOl.Q...o.?tj t|0^l£ Cjjlj^) l^jl j*i ^Ij^ljjJj jl ^ Cj jl..<o?u ^UbdJCjj ^ iUbd.olj^jLL A^Ljl 2 C*-o ^olijj-o I ^jIj ( jjl 4 j ^-j 

•C^ol -j oj olj^Lo j ^jj-ol^ii y> L-j ^ ^jl ^Jju oL>jLsl ^ ol°bJI y CY*fA) ^jljJ-OjJ-A j t^jl0■ ‘S3*) ijlflJjx jl CoL^- ^li j* 3 L5 - ^' 3jJ. 3 tj^^oj^-ol *^ 0 - 1 ^ ^UbL 3 JJS t^l^J l^-*J 3 j)lj3^'^ J ^i |_33^> <_J^I 5 " L ^1 jl o^IaILmj! ^ ojjj (^S'IjJI^I) (jljjl Cjl^jU^I 



jU%lj j j^talj — \ — 9 — \ 


1^ jl ^ * Ij /• Y % J dwj| j I j jl_A jS" ^ (^Ojl ^ ^ jl ls>zJ ^Ls^l ^s^LlP jl 

4—j j^ljS" jS* j j^lj j—S” <—-O.J—s^ 4 j J d-^-d j^J^L aoj/ jl l_$Cj l-A j jblj ^S" 

d-* *»l <^io ^ ^1_oj ^ojl 1 i $ oJ> jLo^sIj ^La-\jjIS”1_oj^Ij ji l__oj j y 1 y‘ * ^ 3 (.j] ^i__oj 

I j jl (j^j >J j ( Coughlan, M. P., & Hazlewood, G. P. 1993) ( Higuchi, T. (Ed.), 2012) 

. ali^ S * t_l 0O j^} I 4_) 



jJji- 

jjJjL^ 




(Shleser, 1994) oULf ojIjj.* jL^-L-:Y-> Jiji 


J—1) 5 jld>-l_-»-*i jl ^ Jd>cJ ^4 jj^JrJ jl ^ ^SCL<*»P J 0^ ^ j^^ J.-L-A (^l-A^jjjl 4_LoJ>- jl jljj\jlj 

^La ^_^vwol5C« ^ ^S"^j^j>-L_j jLw>-l_^o c^J-._wo I I ^jl ^_j ^Ijww4 l-Ajljj\jlj . d-w3 jl_AjS" ^L-*j 

.jj^ dd 4jdo Aj j^5CdS”) GH ^La o,jI jj L>- 4_j ^jJL.'lS' 


j%lj Lw^^wk* — Y— 9 — \ 

*S c~J ^L^l ^4d j^_b I j T 4 j \ — Id ^L^JU^jI jl j^L> ^Jl^o Lji> yi& ^1 yL^i jj^jlj 

0 J5^ji)c—I *i —sL Jl —jljl JJjjjS'j—I ff J^-jl-T j Jj jy\jjij^j\j\ ij^l <j[ai>jJs L 

(Saha, B.C.) 2003 




_is 3 i^^ic ol5LiA> 


3^j ^jl^jl oboL jl 3/^0 jL&-Jj 4 j iObuA^cj tjo^ic l^jl jl OjI—3 ^_L_o-SLj o>l ~-.^pu ^lAdJL*>j 3 *UBd_oli^LL ^cLijl 3 o —j <^oli l 

olj^Lo 3 jjj_»jl ^3 jjLo 3 jjl ^aju oL?-^Lal 3 olsbJI 3 (^YYA) 3 t^jLiJ^o jl OjLo^- 4 jL y 3 ^^^3^ 3 i ( ^Joj3^l ^Ifti-sj^ (_5l_^j l^-ii 3 ^33^5- J^lS" £*Ac-j L ,jl jl o^La^*>l 3 0 


j-o I djL 1 k_S" jA-o ^jj| dj l C ^i ^IL^j Ji 

j-i> („a.I^ s (^IjjI^jI) ^I^jI olc^Uol 




|u-4-Me-GlcUAj 



^ jl 413 £ ji J^Lij e- a}jj>iA y\ jb & ylA O^J Lj2j I ^IS* lY*—^ J^A 


^ApIS" ^ lb c^IAp Iaj? ^iJb !y o*^-> lj jl <iS)I L-^-jo yj ^IaAaI 

bj 4 _s^sj j AA^>"^jl ^-AP 4 j J^jLjI J A-AL4AAIb ^Aj2j J^jLjI AJ y j2 AjI y ^y jy j JIaL A*j2jj 

j AA^I l»A jl AA->e-^ jLa*-L^ ^£4j j>cj I j bl yo j| obljAol ^1 y olj ^jj jA^j L«l yS ^y jl j3 obljAj 

Dodd, D., & Ceihi, I. K. ) a oA aS" jJ^jA^A ^La^-jjjI jl obljAj <u jLJ aa! j^jI ^1 y 

(2009 

j ^obJ_) 4^ ^jl_AJa^>c>J jb ^AAo j e^jj ^jLJo j^Jj ^oAAS" 4j^j>sj ^Ia^_vm_oIS*jIj^Swj 

.Ajj-Ai^o AA^Ij AaL^o jljlji ^LS* 

JwL_jI _A 4^ ^jjjl AA>- jl j\s>tlA 4j c 01 (^AjjIS”L-o y yA AALw^ y 4j jjLjlj jJ^jA-A AA^J>“ 

j*}A j I j jAAol t jl A^jjj^^JAS*— U I t jl Aj j^jlj^ijAolj 1—(Jl—LiJ I c j I Aj j jh I j— ^ b— Lb c j D^Aj I j cT 4 j^ — La 

j^jb o$\ aJ y^kj I j ^1 A^j^_jl ^AAjLojl wo j AA ^1 jl o jl wol A^ol L-SJjLs ^5*/l_SCJj ji j jl ^Aal 

.A^j>L j ^yA ^Aj^ a^^ 10 4j La^^SLLwoS" 


u 


_is 3 i^^ic ol5LiJ!) 


3 ^j ^jl^jl ol^^Uel oboL jl (\^>jb' 3 /^ 0 jL&-Jj dj iObuA^cj tjo^ic l^jl ^ 33 i>* jl OjL*-^ 3 ^_L_obL) 0 *^ 1 . .c? ^lAdJL*>j 3 *lAd_oli^LL ^cLijl 3 o —j 

olj^Lo 3 jjj_»jl^3 ^jL-j 3 jjl ^Aju oL?-^Lal 3 olsbJI 3 (^VtA) ^jliXLoj^a 3 t^jLaJ^o jl cloLo^- 4 jL y 3 3 j3_oI i LS ^>ic ^Ifti-SJA (_5l_^j L^-ij 3 ^3 sis>- b°l 5 " L ,jl jl o^La^*il 3 oJ*j> 


I djlj1 k_S"jA-o ^jj| dj ^ a.j 

(^il^s (^i”ljjljjl) ^IjjI olc^Jol 















Igjl JJwj i! yo 


Jorgensen et al., (2007) 



-Xv£?J^ 



60-T- 

Y--YY 

Yd-U 

-X-Y 

(5*-T(5 

rd-Yr 

rd- Yd 

fX 

Yd- r« 

r*-Yd 

<3 

1 

9- 

Ji 

YV/? 

^ * 

YY/? 

jL jj 

rA 

^d 

rr 

jj^I ‘'-d.p 1 

r* 

d* 

^d 

^wU5* olS” 

rY 

YY 

u 

^ clS" 

W-AC) 

• 

^d-* 

apis' 

Y*-\d 

Ad-A* 

• 


ad-A* 

Y *-d 

• 

C 

dd-Y* 

Y*-Yd 

r*-u 

4»lj jjj 


Ij —V—) 

oXX 4jljl I j ^aJAlS ^L&k_ ij ^y^~J y. iXLdjI^S* 


C 


« aS' -XX_wvwA *%jj_ J ^ -X_^>- jl _L<X* J _Sd_^P JJ._:>- Aj>z. _a L&^^j^jYLIj 

.x_x*wft _L.^ o ^ _JUI ^LajLx _?—L« L&^»^j^_>*A> !j .JjloJ_Jj kX_sL> k._ >j ^^!x*j 

(Bayer et al., 1994; Sunna and Antranikian, 1997) 
J^zx. j L (»jj^AUj ( Butyrivibrio fibrisolens H17c ) Lr J jy_j^ jz 

^ o^Jji ^ fJ-LP^bb Oi' ■■ 5 j' i ^yrj j' (_r^! iJj^y 1 4jj ^ <_rr-bjY 

(Lin and Thompson, 1991).x—I ^jUlS jlf o~^>lx L j^j ^ j <_$jU*>Uj o^U- 


.^xS"ojlJjl lAjl/YLIj 4YLlj ^ 4jj>tj x^>- jLj ^jjjl y x Wx! 

^JXuj tJ^jljl jJ jj ^ kjj.,r?>t^a jJ jj ^ l^j ^jjj! I Aj 4i^P 

Ij jS L ^ ^jy* Ujl^lj ^jj yLS^j y^\s>- ijl_>- a^sL 

• w\j yS> ^1 y> tJL-ol 


\r 


_ 13 j (Ojlc ol 5 LjLfl> 


ijyj (gcS) (_s- < Ac oLc^Uol oISjL jl (1 YA(W^ £t>jb' 3/) Sjlxo <*j >olfl.Jtfu t|Ojlc o^ly^) l^il j a ^IjjIjjJj Jjjiip- jl exL^a j ^gL-a^j ojl ..^>6 ^IacJLjj j ila^eoLi^ljL tlikOkil^xLu acLil j cx> ^Lol^ 

J&yjj*a Cj\jjSLo j y*j\j3 y Lj ^ ^1 j OlsLdl y (^V'fA) ^ fc^jLlXk^o t^jLcJ^-o jl OjLo->- ^jIj Ji ^ is*^ b 3'jv 3 S ‘;9- 0 1 (^LftL- 3 JJ 6 I^Xi 3 ^jlj31 JkjAj JolT XLc_. L ^1 jl OkilflX-jl ^ 0 


j-o I djb jj k_S" jXo ^jj| dj l t _^i Ji 
xi> („aI( k-flxljjil) ^I^jI ejlcydol 



















S*4jj5»w ^lAj*jjjl j?%j — \— V— \ 

y^o-A Aj w\j LJj j C1^-<jI jLo ^«jy I y> ■A^>- Aj jl yAjy>tj ( *^-^>“ t jjblj jb>-L-o j .^jj jjjjA Aj 

.c^-4 Ia^-jjjI y>l 3 j5CLo-p ( j^ju yl y i^-^oLwo yl jIwmj y-o i^SC i_;1>cL)! ^jj.s 

Jjyj ^jyl y>l .^jlAA^by jlJjtalj T 4_0 — bj —j Jjl ^jyl ^j5d_o-P ^yojy A_j yULu yul^tj y>l j^ 
j w\A3^y*-j ^y 3 L.^g.j j y^ aj jjLjIj aj aX^->- a^JI .ajjbjo^y Ij ^y I j ci^lSC^o! j^ y w\j jjSylS” 

.JA3^ys ^*L>cjI Ij yJjjJ-A jl CjLI*_JL)I y 4 _>-j3 j oy>ejj (JyL? I yL^-} y^> ^y Aj AJL^jIj 

— ^ 3 —Lo ylAyyS2Jjl t^jyl jyl yJjjj-A j! ^Jws^L>- ^Lv^l (J j^ 2 s>tl> j (Bajpai, P. (2014)) 

IaJjjIS'Lo y j (S^ fc yy° ^La JySGy* aj ^.A*j ^J^>“lj*° j^ bl -LJolj.yj Jjjylyjyblj 

^Ia y jSCJI yJjj^LA .yljl j- 5 y-> (p-D-Xylosidases) jla^oyLIj—^3 —Lj ^*jy I ajlJI . 3 yj^yj 
p-D-)Jjjjjl yjjL Ij-^p-L ^IaJj>-Ij a_! La jl ^JjJ^j j lAjlJjLjlj yJjj-LA jl 

.s jb I j (xylopyranosyl 

yljljlSbA j l^jIj ^Ul tA^o.Jj yj ^y> ^.XuAjiLl? <.—flJ»l>c» ^Ia ^yjj Aj jU^jljjJGl ^La^-jJjI 

^ ^ «A»o w^jjj A^" , I^j j ■>j? y-Uy ajLL? aj Ij Ujl (Beg, Q., et al. 2001) 

— (Jl— La] I— X* j \ ^yl_*«JL)l A?Iaj La jl *Au5" ^ybjv ^L*-2ol aS" ^ylA^-jyl '.Ju^j^j 

aS" ^ylA^jyl .wU^S”^y>u ^Ijl jy-ol^l ^ JJA3^y>-) ^1 >cjI Ia j I jywol^j I Jj jy lj^3ywolj I 

jj^ol jl j JcsS ^0 y]jj j»a Ij j j3 3o oliCU- ^La^jjjI <. sjA?-y c5^ J ^yb j i ;U-2ol 

..AXIS”lAj 




_is 3 i^^ic ol 5 LiJ!) 


3 ^j oboL jl 3 /^ 0 jL&-Jj 4j >oLti ^ j tjo^ic l^jl jl OjL*-^ 3 ^_L_obL) o*^l.^lAdJL*>j 3 *lAd_oli^LL ^cLijl 3 o—> <^oli l 

olj^Lo 3 jjj_»jl^3 ^jL-j 3 jjl ^aju oL?-^Lal 3 olsbJI 3 OYYA) 3 t^jLaJ^o jl CoLo^- 4 jL y 3 ^^ij^jj 3 i t 5 »jj 3 ^l ^Ifti-SJ^ (_ 5 I_^j L^-ii 3 J^lS" c^jIcj L ,jl jl o^La^*>l 3 0 


j-o I djb y kb'jJwO ^jj| dj l t _^i ^IL^j Ji 

j-i> ^1 ^s (^IjjI^jI) ^I^jI olc^Uol 


! 4j rt-j! jj Jjjli ^2 j2j j)*Aolj dS" _^Sbi ^LA^jjjl jl 

4j .i^jsj c^jLJjl jlwA-o^j^S”^IS”—UJI ^ jl-C^o^LIj—La tjl yL^\ .x^wl l_SCJ j ijl^yi^«l j^Aolj ^J-ci^l 

. ._i >J ^ 

a-glucuronidase jP-xylosidases. Ferulic acid esterase, acetylxylan esterase 


4-O-methyl-a-D-glucuronopyranosyl acid 



B 

4-O-methyl-a-D-glucuronopyranosyl acid 4-Omethyl-a-D-glucuronopyranosyl acid 



C 



Polizeli, M. L. T. M., et al. (2005)..uL y> aJl jiy j ji J5Li ji lj UjU">Uj yu :f— \ JSvi 


4j Henrissat ^ Coutinho ^La^L 4j LAj*y^jU^AU_> j^SLdS” 4 j 

<j aS' jJI sij (http://www.cazy.org/) ^^jil <u ^U- sI^jL l 5 o o^L- 

oISsjL ^jjl ji jjj^SCdS” oil^ jL>- ) Y* 0 4j l_So ijj 0 j oi^j (^jli 


. bXj 10 —C— . ^ —C— 1 4 0.) J I l^j 4j Ld*j ^ L~-- I 




_as j jojlc ol5Li46 


:^yj (^oi 5 ") ^jl^jl Cjlp^Uol oboL jl ^jjL> 0jLo-^o dj *ol g .,. g - > ^ t^^ic ci»jlj^) l^jl j^ ^Ij^IajJj jl a :L—^ ^ ^gJ_^_o 5 d o>(~..o pu ^l&dJL*>j ^ *hod_olj^LL -> dpLLl ^ o—> (Coli^j-o 

Cj\jjslo j y L-j ^ ^1 ol>*^L^I j cjlsbdl y (1Y*YA) ^jla-Coj-Lft> ^ i^Llc^o t^LcJ^-o jl cioLo^* doL y ^ ^ c 2j )^ol s^-o-Lp ^LftL-Sjjb Lq-*j 3 ^Ij^IujUj ^olS" c-oIp^ L ^1 jl o<ilfi2^>l ^ o 4 m> 


I djb jj k_S" jA-o ^jj| dj lC ^i 

(^il ^3 (ci’ljjljjl) ^Ijjl CjIc^UsI 



















^Ia^j^jI j* ^->^1lAijl ^ I jP^ v, JL>- l>- (^£\duLS>j ^Ia^jU O^ 5 

j Ia j^aS^o jl jL«»vj lAjljjtalj I ^Jo jj .XJ yi Q^> j Xjjta Ja«J>oJ 4_) Ij Ij ^oXXS" 4jj^>cj 

.C*~d Ia^ y5TL 


-5 (^j*^ -T'-V-^ 

tj ^l_Ak IjS? J kCLjj^ ^aLS" j ^a 4j j>tj j2 \j ^1 Juli ^Ij2j ^£jl^A (^U^-jli 

4j jl^j^a 4j*Jlia^ SjyA ^l&^-jli 4_j*j>- jl .Jj^jw ^a L.S”L>- ^ ^j^^LjS” *■—-^* J J 

Penicillium pinophilum-Talaromyces - Trichoderma koningii - Trichoderma reesei 

(Bhat, 1997)^^1^1 Fusarium solani j emersonii 


j iCyllamyces j Anaeromyces <j jljU*>Uj (jsJ^S'oJy jl 

4j LgjI j^-jjjl j °^_y, F** ojli <._4S” -^S” ojLjl 0rpi j] oniyccs 

jl^Uj j jUL cj^^jX^A ^j cjljlS" jJo\ (j^>-^A ^Ia^-j^jI -3 

.( Orpin, C. G. and K. N. Joblin 1997) xixlj^ 


U yzS U ^jlAjU^blj —T—V—^ 

jljjblj ^jjjl .cXwjoXx ^b jS\j ^Iao^ jl ^ L jS\j ^lAjljjbj *yrj 

^La^ jzS\j ^JwoLJj ^Azs>vji ^U^olST jl j jl j <.—(LXS" Lj j Lj ^ <u c^«j ^IjIXjL ^ 

( ^ ^ i -j—a~*j I o ^ j /S 1 




^j^L_L 9 ^ p» ale olSLxj&^jj jki (gtlS") ^jl^jl OlfijUsI olSoL jl OjLo^Jo 4 j ^j^I-L 9 kOl.Q.-.Q.^tj Cjjlj^) l^jl jki jl ^ ^l_^Sj Cj^I**^qPo ^bbdJL-jj ^ klibA-oli^jljL k 1_A o ^ l^j_™_-_j d^Ljjl 2 C-iaJ I 4jL i^"jkXo ( jjl 4 j |C ^-k> jILmjO 

-j oj olj^Lo ^ j^-ol^3 ^jL-j ^ ^jl ^Jju ol^jL^I ^ ojbJI y (^Y*fA) ^jljj-ojjjb j *jjlo■ ‘S3*) kjliJjx jl CoL^- ^li j* 3 L 5 -i~A 3 jJ. 3 kj^^oj^-ol k^o-i^ ^UbL3JJ& i£^ji 1 ^-*^ 3 lS^^* Ij ^1 jl o-^l-A>-k-->l ^ ojjj (t*S"|jj|^j|) jjljjl ^I^^IBI 



Chakdar, H., et al. (2016) jtoUj xSy ^y_ :Y-\ 


Diffcrcnl groups of bacteria producing diverse xylanases 


S. no. Name of the organism Substrate used 


Optimum conditions for xylana.se 
activity 


Purification of xylanase 





Temp 

PH 

K„. V™. 

Methods Specific 

Purification Recovery 




<°C) 


(mg/ml) (pmol/ 

activity 

(fold) 

m 






mg/min) 

(U/mg) 



Mesophilic 









1 . 

Sorangium cellulosum 

OSX 

30 

7.0 

38.13 10.69 

Dialysis and 4.11 

4.03 

43.84 


So9733-l 





concentration after 

Ni-affinity 



2. 

Bacillus sp. SN5 

BeX 

40 

7.0 

0.6 114 

Ni-affinity 104.7 









chromatography 



3. 

Paenibacillus 

BiX 

40 

7.4 

- 

Ni-affinity 33 

7.5 

58 


xylan ilytii its KJ -03 





chromatography 



4. 

Bacillus sp. SV-34S 

BiX 

50 

6.5 

3.7 133.33 IU/ (NKj^SOj precipitation 2803.1 

10.62 

88.0 






ml 

Carboxymeihyl- 3417.2 

12.94 

13.44 







sephadex C-50 



5. 

Streptomvces sp. 7b 

WB 

50 

6 

- 

(N lit bS°4 prec ipi lation 79.43 

2.46 

47.80 







(50-75 %> 









CM-sephadex 183.50 

5.68 

43.41 

6. 

Biirkhohleria sp. 

BiX 

50 

8.6 

12.75 165 

(NH 4 ) 2 S0 4 precipitation 

3.21 

48 


DM \\ 





(30-70 %) 



Thermophilic 








7. 

Anoxybacillus 

OSX 

65 

6 and - 

HiPrcp 26/60 2.2 

27.5 

- 


favithermus 

IWXYL3 



8 


Scphacryl S-2CK) 



8 . 

Bacillus sp. GRE7 

OSX 

70 

7.0 

2.23 296.8 1U/ 

(NH4 feS0 4 precipitation 191.1 

3.9 

71 






mg 

(40-80 %) 









DEAE- cellulose 582.9 

11.9 

48 







Sephadex G-75 1392.6 

28.5 

27 

9. 

Streptomyces 

BeX 

65 

6.5 

0.76 303U/mg 

DEAE- Toyopearl 27 

3.70 

- 


Ihermovulgaris 

TITSRI948 





Tovopearl HW-55 110 

15.0 

“ 

S. no. 

Name of the organism 

Substrate used 

Oplimun: 

1 conditions for xylanase Purification of xylanase 






activity 









Temp pH 

K m Fma* Methods Specific 

Purification 

Recovery 




(°C) 


(mg/ml I (pmol/ 

activity 

(fold) 

(%) 






mg/min) 

(U/mg) 



10. 

Arihrobacter sp. 

WB 

100 

9.0 

0.9 3571 

(NHj) 2 S0 4 precipitation 162 

2 

74 







Sephadex G-200 282.6 

3.5 

62 







DEAE- sepharose FF 444.2 

5.5 

49 







CM-sepharose FF 1697.7 

21 

14 

11. 

Geobacillus 

BiX 

80 

8.5 

2.6 31.2 

Ni 2+ -NTA agarose 10.2 

- 

- 


ihemioleovorans 





resins 



12. 

Stentrophomonas 

WB 

80 

9.0 

- 

(NH 4 ) 2 S0 4 precipitation 82.40 

1.43 

57.11 


moltophi lia 





Sephadex G-100 141.11 

2.45 

37.36 







DEAE-ccllulosc 313.38 

5.43 

19.18 

13. 

Thermotoga thermarum 

BeX 

80 

6.0 

1.8 769 

Heat treatment 80 

2.9 

93.7 







Ni-affinity 192 

6.9 

82.3 







chromatography 



14. 

Acidothermus 

OSX 

90 

6.0 

0.53 350 

Heat-treated extract 15.6 

4.1 

88 


cellulolyricus 11B 





Hydroxyapatite 376 

97.7 

12 

iarine 









15. 

Bacillus sp. 

OSX 

55 

9.0 

- 

(NH 4 ) 2 S0 4 precipitation 31.27 

2.6 

55 







(60 c ii ) 









DEAE-cellulose 53.0 

1.69 

34 

16. 

Arihrobacter sp. 

SD 

60 

9.0 

- 

(NH 4 kS0 4 precipitation 453.6 U/ml 

- 

- 


MTCC6915 








17. 

Glaceocola mesophila 

BeX 

30 

7.0 

1.22 98.31 

(NH 4 >2S0 4 precipitation 77 

9.1 

17.4 


Vibrio sp. XY-214 |i -1.3 xylan 


19. M caligenes sp. XY-234 (i -1,3 xylan from 

Caulerapa 
raceniosa 


40 7.5 0.40 


Dialysis 

Ni* + -NTA agarose 
resins 

(NH 4 ) 2 S0 4 precipitation 9.9 
Dialysis 

Q Sepharose FF 
Etlier-Toyopearl 650S 
SupenJex 2(X) 

(NH 4 ) 2 S0 4 precipitation 
Dialysis 

Q Sepharose FF 
Ether-Toyopearl 650S 
Supcrdex 200 
Hydroxyapatite 
MonoQ 


W 


^ (OjJf. ols L S at jjj (^cS) ^jl^jl ol 5 oL jl o^Lo—*) aj *—*2^)3) l^jl ^ jl ^ cS3 >^ d^Lijl ^ 4 jL y. 4 j 

oljjjLo ^ Lj ^ ^1 j^jju ^ olsbdl ^ ^ ./jLaj^^o ^LaJ^o jl djL j* y 3 s_c—^ )3-°l ^I^j L^-j 3 ^lj^ Ij^Aj ^^a^* OjIc-j L jl ojLu^J ^ oj2i (l^IjjIjjI) ^jl^l djlc^lbl 










jjuLfl jl^oL jl ^3 Ij_*j j c—I 4jj>-luo L&jlJ*Ajlj oji^L Bacillus ^xSL jL>j j^ 

B. j B. pumilus £. subtilis £. amyloliquefaciens £. stearothermophilus £. circulans 
jl aj ^jli» ^l&jU^Uj .JljloJLi j\y£ a_>- jj Jjli ^jU^lj oJUi jta halodurans 
Rhodothermus marinus, Stenotrophomonas maltophila, JBacillus ySl 

V* 1; ?' ^lo j3 aS' Streptomyces sp.j thermocellum, Thermotoga sp., Clostridium 

^cj Ij ^Lj>- Lj L> jlSjL-*) ^L&jlj*}\jlj 4^S"l . C^j I o ,-LJo ^lojIjS' w\jjl3 C-wJl»*_9 ^£A^-j3 

^jUIjJ L Clostridium sp. PXLY1 j Flavobacterium frigidarium XJU ySl Ul 

aJ jj c^j>“ ^.JLo ^Hj>3 ^Ijl3 4 j c^w^mj j£\j .wUloJ-jo ^jl/ L& jlj*)\j I j wUJ jj 

aS ^JL>-j 3 d-wjl (^jlj j Ojj^? aj L^L&jlJ*Ajlj (^1 jj al^j pH j UjU%lj 
wUJ jj j ^jli J-Joj (^1 jj pH 4 j jtJ ol ^al*I 3 j3 pH ^y>-jLi ^L&jlj*)\jlj (^1 j-^ 

d~ola^>- jl aS" >A-Jo wLaI j^“ ^wL*j Jj?^I j3 ^JL) j I ^La,JJjI j_LJo o3jj3l lL^pIj c ^jli jli*)\jlj 

Chakdar, H., et al. (2016).J-&IS' C ^ ^jli jtoWj 


j3 jU%lj ^Uoj^jlS* A—^ 

t^j>cjLwj t^j|j_p ^jL wv^ lj-*j j ^»l3 3 I j* ^jL-*JO^L«l j3 \ <\A* ^aa 3 j3 jlJ*Ajlj jl jL j^-Jjl 

/• Y * 3j.Jj>- jljwJcSo L ©I j'bf jk>j c j Lj^Aj I j jl oLi jljS' .ci^3 / jl ^3 o^Li^jl 3j j^j ^>>w^jo j ApIS 

.C1-wjI 03 I 3 L^l^—I 3 jj>- Aj Ij ^j jj I ^jL^>- d3jl>eJ 


JlpIS' jlJjJ ^jjjlS* —^—A—^ 

w\j jS jl^3 o^lji^jl 3jj»a AplS” j^s>- ^jLwo wLjL-o ^1 ^j L^jlj^Ajlj ojjjAj l_$2jjJ^U jt-J^jl 

.3jl3 3jj>-j Apis' js*&s>- ^jL^o ,»LjL«o j3 jU%lj ^jjjl jl o^Ll^ol ^yjia w\jlj3 


(jlJLP j3 3j^jl^ -)-A-V 

^3 Cjl^laSl jjj jl ^3 ^1 jj A3 jip ^Aa^j C^J>“ j 3 jlJ*Ajlj ^La^j jj I jl o3LlI^I 

.C-wM3 wLaIj^>- olA j Ij ^31j j ^l- 4 ^ c—I 


u 


^j^L_L 9 ^ pt ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLoJj 4j ^j^I-L 9 fcOl.Q...0.?tj l^jl jl ^ Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL Afljjl ^ C*J> 4 jL ^jjl 4 j |C ^-Q 

•tJwjl -Li oj^- o olj^Lo j ^jj-ol^ii y> L-j ^ oL>liLsl ^ CjIsLpJI ^ ^ 0■ t^jLflJ^o jl Oola^* ^^ils ^li 3 L5 -i~£>3jj ^ t^Jjj^ol l£^ji 1^-*^ 3 Jol 5 " CoIcj L ^1 jl o^IaUo! ^ oJl-oi (JIjjI^I) (jljjl OU^UsI 



j LajIjwjSCj cLajIAj jy^^lS tl_AjLd3 tLAj*Aw*l tLAjldj^j tLAj^ytLAjblS” ylS" b ol y±j*> LAjb*Alj 

bdpb ^jIAp <<s*S y <j*A I j^Lol j I b jb*Alj .wU y^ 3 o^LsJdo! ^LaIAp LAjb-J 

y-$-> ^.-.b ?a ^1 JfijI^_jo -\j ( Twomey et al 2003).^^L>- ^ y° ^*cu jy>^+j^ ^JLaIS” 

JdS”J->- j dd l^i ^£\y <S5y\ lA^b j sy^ y ^a!j 3 jl j 

•(*^- & ' 2 (_r°J>^ b djj cS^d J c 5JJ°J-f; (d-^"^ 1 d d ^ J 


La ^d*d>^ j jU dJ^ jij^ — ^—A—Y* 

I y\ b aS" ljj>- d3l^« ^bbl J y £->^r -0 L)b ^-<*j>- b)d>jl ^ ^1^jb jb^Alj jl o^bid-ol b 

. d-Al^^^ Ijlu ^ ^ I ^d^w-O ^f-} jj I 

(Chakdar, H., et al. (2016)) 

tLAj*^^i-^o tLAjb*Alj jl oj^^al . 11 r ■ ■ ^I La^*j jjl jl o^bld-ol (j\ y yy>- ol$b)L>- <^pl jS> j obd*dv & 

j d^Ufrj y^ < j I j Lao yy < jI ddb» lA^jJ-dowLJo.2jb dd^j>- LAjlddSb) j La j^y I 

^Lal^Coj cLa j^aLuj t(^jj^LAj^Pjj C J-? J ^iaP ^jld^So ^jloljil t^_Jb ^bd^->" 

J jy djlj ^1 A_)jj>sj tAdj^SbwJj ^t-AlS" J^Jj>c^A o jsS* j Lao^Ssjj c^S1jjJ>- ^Lai^Svjj c^Jwlx» 

(Chakdar, H., et al. (2016)) o^Lid-*jl La wLdoL)Jdo <._sLLd d-^->~ L^-do 


j ^—^—A—T 

La^jjjI jl b ©Ij^>-A LAjb%lj .ajjl^ ^S"jJl LAjlJ*)b!j j 

^ oL^j^ jib ^ y° ^Cy W r , ^ w ° j ^3 ^*^y tLA^^y^L wo^^a) 

(j y* j£ yJ I b LajI jl L^^y dJ^ yj2?>*J* L^l Ju yJj ^Lv^l ^jl-Lp d^b-^S* y 4j 4j dxj 


.d^3b jlj^^ 

(^\jSs>-\ ^J )li d^b<_)bj 4 j JJIjj^^s ^Jj jy\ jyy^j\ j— Ll) ddbj 0*Ajj j-Jjj-L^A jl ^v£?b>- d^^ a 

. wtj y^j ^ ( j wbo ^ i y ^ ^* i y La o ai d) - ^ ^ ^ La <. (i_l yj b I) 

i— j aS" td-^*>i o^bij ^j^J^i yo ji ^bj^jisy t^dM_>j(jjjbi ddd-^>“ j^j^i 

— i^y^~ I ^ ^Laj ^Ij y j d x_) Lo ^jLaj X3 j J jj j Jb jSi y)jj-^ *a LAj'V jJ j \ a j b^A-? I j 


n 


_ 13 y (Ojlc ol5Lij!) 


i^jj (giS) oboL jl ojLo-Jj dj (^j^L- 9 fcuiiui j u tjo^ic *—Ij3) l 95^*" ^ ^gJ_-_o5b o>1—2 pu ^lAdJLw>j ^ *UbcL«lj^LL fcL&ool^j_jL*j A^Lijl ^ o —j <^oli l 

Cj\jjSlo j y Lj ^ ^1 j^Jju ol>*^L^I j olib-jl y (^V'fA) y i/jLaj_^a-o tl jLflJy> jl C-JLo^> ^jIj j} ^ (^^^33%- 3 ‘^5^33 ^^ ‘ls" 0 ^ ^Ia'—(^I_^j l^-*- 1 3 t33 Ji ^’ L ^1 jl o^IaILm)! ^ 0 


I djb jj kb'jJwO ^jj| dj l t _^i ^IL^j Ji 

j-i> („a.I(^IjjI^jI) ^I^jI olc^Uol 


■ ^ \s < 0 ^—' yy^^’x-i w\* 0 I ^^3 li? * A yi t- -) ^ji ^ *■ ^ r A ^ I ^ . tXwS* ^y A ^j bJ J \ y*-) 1^ 

( Chakdar, H., et al. (2016).JCJi' c y» J^UI L JjjJulj jJ y Candida shehataej Pichia stipitis 



cj jjL“I j (J^lJj!j aj ^jL^ ^Jj jU iO— ^ 


(Chakdar, H., et al. .o_^l jjlS'L^ L> Jjli ^x^^yJ, ojJi l JiGl^ JjdJJj 

c^l Jjl>- j ^jLo ^1 ji\ (^\jj j lj ^p o 1(2016)) 


^dS" ^ La«L-»-J ^L&cjo jj ip ^ (jl^>cJL-<jl ^jl ^yS 


• ^ yin ^yA 

— Ljo _p>-lj jj j _**o ^ c^j>- ^yi>cjwU>sl l_$C IS^Ki I j ^ojjjl <u>- j^\ 

yi L-O-._ Jo ^UjJljlS' Ja>^J ys\sJLA ^jL>CJ (J ^JjJ-3 I j y^>\>~ (JL>“ Ul td-^-oi ^Jj j^jl yJ j\j 1^ 

^ 


«lJ yi — Ci— A— \ 


^Ijj ^LaC-^-j-^o aS” 


4_) 4j>- L 


lv£?liL) L&d-^>"J-^-O I C_9 y^A jl ^Jolj ^O^dil d^ljj-d>C^>Jk J ^ I C^J 

.( Li ct cil., 2009) ^ L j^jl ^u^S\jL>- ^1 ^ 


V- 


_L9 3 i^jlc ol5LLfl> 


3jj (gtiS”) i_s-*-^ e oLc^Uol oISjL jl (1 Y'^iW^ 3/) 0jl*-i <*j tOlu..j.?cj tio^lc o^lj^) l^il ^ ^Ij^IjjJj jl c*JL~2 3 o^l ..^>6 ^IacJLjj 3 tLatUili^LL tlikoiil^LcLu dcLil 3 c**i' ‘Loli l 

L3Jj^s oljjji-o 3 jjj^ol^ Lj 3 ^1 j^jju ol>*^L^I 3 olsLJI 3 (^V'fA) ^jlj-Loj-Lft> 3 t^ljLU^o t^jlflJ^j jl ciuL^* djL jj 3 3 t^_jp ^^o 1 t^.o-1^ ^L*Bt_ 9 Jj& 3 0^3^^^ i33 Ji ^’ tJ 0 ^" L ^1 jl o^LfiiLM»l 3 0 


j-o I djb jj S jAx ^jj| dj l t _^i ^L,a>^ 

J-i> („aI^ 3 (^TljjIyJ) ^I^jI OlcMlol 
























d 6 ^y > . ^ 


jj ci^wwmj j dd-DIS L j l_$vjj^j ^_)Lj DL (JjjLI 


4j jl y ^Laa*3 jaa> 4j dd-^AO j)l jl O^bidD ddo j>J d ddoL ^jL) d ( - £^'*-dy _ y** 

4dSb jjj I 4 j dj L ^3 ^1? jl .3 / OjlDl CO 2 d*J y d 4jL>tlS' ^L&jlS" .dJ y ^S=yS>- d^ ^ ^ 

dd*D o3jj jj Jj dlS^J I wL/5j3 & Lj ^L*-3 ^Laa»_ 9 (^Lk dd^- j^i 4j (JjjIjIjaJ d3 ^ 4_sLv^I <*S dd-db 4j>- jj 
^ 03 JJldwwwJ j J^p\s>- Jl>- j3 .3 jdo 3U>Cjl La^ J JJ J>J ^AA>Xd^« j3 ^ ^AA*J J^b>CA-& 4$b I 

j XJoL^a ^^L j yy\£ ^Ijb j o3jj ^djj dd ->"jaai jj jj ^1 3j^- y° ^jX*^ £_Xa ^ _ ' u ^j-^LS" 

.X^L^^a ddL^*- (_jl^-^*)l ^Sbo j dLwwjl lj L^jl d ^jj jLS'jL- j3 j 4 a3jI dljdP 4 j dl ^oX$-P ddo j>j 

ddL*jL*^ d (_yy^ ^y 5 d ^JJ^L ^L&xplb d j^-o-a ^jl j.La> d^^ -^1 y° d^ <1)1 y t^y ^ 2j ^d <^y ^ d^ 

.(Hill et al., 2006) dd~^- 0 ^j ^jjjliS 
!3dd jd-v^ ^aa>La>I 4_L>-4aa> j3 (JjjLI y^ x2 y 

jl jJ jDai^^a d jld - ^ 0 ^jboljl y. ^j^^ajLa> ^Pd^ ^Lo d^ cd^^d^ ^jlddjl jL»wo i^Ssj ic—flJI 

X&l y>- ^>1 >cjI y y y jLaa«j .^ojjjl yj 2 J& j\S y> I L aS" j^_dS\2 d yy*^ d^2d^l yjt ddL^S" y 

. (Mosier et al., 2005) ddi y Ju 

4 jljlS" ^Kd ^ 1 c jlj^jlj jl y 4j 4 S" LftddS 4j jj d d-^° d-o a_4 

.^d^ d^j ••• d d^^dd^^d ^d^^dd^^d ^ 
.(Jd J ^^ ^^dd^ dl-wj3 4 j ^1 y y*y*sj- 5 dd^^^ *»—wjlds ^~wv_ulS”jl l5^j Ij ^woJ5»cj 

Yii jl Y * & * JL- Ij ^Lwwwd ^lAddyd^ y OwLd ^>1 >cjI ^lA^do^d-o y^ ^5\j I 4j y L jd^° 

3 y>- ^dwjj ^L^dd-yd“'-' j d^ c3^S* d_&! y>- Ij^j ^t_AlS" & AJ (JL-*j 452dj 

JLo jl ISC^i jd-^ li~-l d ajI d^ -(Campbell and Laherrere, 1998) jlaI yy OLD ^dDo I j 

\ * jl d y^^ d ddw^lo^jd^ i$JJ ^dd^d^ ddyd-^° d (P^dd^ d^ dd^^^ d^ 4 _j ^ ^A * 

.(Sun and Cheng, 2002) c~D odD JDCD JjjLIj^ jl dd-Lb’ dl Udd^^p" ddy y^ J»^j 3 

ddP^ 3 ^ * DL 3 jj ^ ^V* (JCo d^ d y^ y *^ .ddoL^^j 4d-^j I d^ c 5 d ^ -1 ^ c>^ d^ (^dd^ d y^ 

dLx_i l- /3 ^ q djL j d ^ dd-^Co 0 1 $jI ^1 -j -A-i^-i 'd~* 4^* 3 y^j ^ 


4 b (^lD^S" 4 j 3d^ ^ Pd J ^^dtH y (_^l3d"^ (^ 0 ^*” (_^4^1 j 4Jd! (^O^Lj jl y£* 4j Ij 

1 a ^*~ y*jj j I d.^j 3 Y * 4j ^ ^y d ® ^d"^ cd^ d d-L-^° ^ ^ dd^b" ^ I j 3 4j bJ La> >d2 d^ d d -b * 1 


Y ^ 


^j^L_L 9 ^ ptale ol 5 L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl 3/^ OjLo^Jo 4 j fcOl.Q...0.?tj Cjjj l^jl dj,ljijjj jl OjL—^ 3 ^.Lya^j Cj^I.^Po ^bbdJL-jj 3 .Ubd.olj^LL 4Lito^l^J_™_-_j d^Ljjl 3 Cwj I 4 jL> jj i^"jA^ ( jjl 4 j jJ> 

.c^ol oIj^lo 3 ^jL-j 3 ^1 ^jju oL>liLsl 3 CjIsLpJI 3 (^Y*fA) ^Ia^o^jj^ 3 *^jlo■ t^jLcJ^o jl OoL^^* ajL jj 3 t c -^jj ^>,jj 3 j3-oI .^o_Lc ^UbL 3 jj& i£^ji 1^-*^ 3 J^IajAj ^33^ d«l 5 " OjI cj L ^1 jl o^biiLwl 3 oj^i pAtl^3 (JIjjI^I) d_d *-- , l^^l^l 



j jjLjI jlj^j oj*bl ^a .(Soccol et 3.1., 2010) JAi^o ^J*jbdj j jjLjI Ij j jjb" jl ^Lajj^jj>- 

L iAljo^Aj ji j jjd” jI ^jlas>za j oijj y-^ j jaL« YjY* jlj*^ 4 j LSb y\ ^JjL j ^J-oj>- L/^ 5>eJ ^ 2-w ° 

Jv^ji \ b ^JjUL« ji /.Ab aj Ij j-^ ji ^wLJ jj j jjLjI jlj-^ La^J^«jj I ^Lajjj jb>-bo ^aaxj 

.(Sun and Cheng, 2002) jiao ^Lljil JJ yjS 


wj j La j IS* j 2 jj ^ A ^ 

i ^S\j jl ji 4 j>- jj i j j^j ^Jjbb 4 j ^A j ^J*jj ^Jubb 4 j Jj Lj j^jjSbb- (^La^j jjl 

^Jww 2 ^>cj ^JjLS ^Jb" j diji o ^jJ jL*j jb \2 il j» jl (Sj j 2 y - 3 I I jj j 

J^>ji T ♦ 1 ; T* j jb> ijljo J^>ji V* 1 ; bb ji l 5 i^jJ . (Levin et al., 2007 ) J-jL^ 

ji j jLxS^a jj& ji 4 _Jjl ^oib jl ys- aj d->ji jl oibd -2 d-jj^j^ ji .JdLj^a y^yj^> ^J^Ld 

djl*jL s«£? j j>c_<»a ^y ^Sb ^ ^ y* y~* d 2 jj jb« y> Y * * * lj ^ j * * j 2 jj t 2 b*>L_$b jjL? 

-< —&1 S' j jb ^Sbldil ^Jb” jl oiLjjol j^d>c.J jLj ^Jdljil jj Yj* * Lj Y*Y * * 4 _j jl jibs jjj I tdiLj jj>- 
L_ 5 b jl ys* aj y j jjjjwL-A .cj^oI o jj ^JjIjS” wLuL yL~»j j ^UjlS* jJjj L 4 _L 2 jIj ji jj ^a^La 
jjjj-dA (_^^Lj j-oUL wLJ jj ^^21 jj c^jL«-wj ^Ujt-^olS'jljj 5 wi j ^ j-*-*y 3 j^ j * 2 - 3 jlS* 

.(Amon et al., 2007 ) Jbjb lj ^jJji^j^J ^1 J^J d^J J ^ 


djl^ - j do — ^ —A—V 

I ^j ,^j»»»^ o ^ ljjjj^> I w\j I jj bS* La^^- 0 j ^ I ^^3 ^ d»j L^^ j«^^w0 j^ (^y ) Lj j\j I ^ ^^vO^wj-^b' 

jl j-*-^ j^ ^JwoLJj JCol ^52 .J-JoL o I j I i^52j2 jL-o ^%—j j_> I j-^ jl CduL^ jLjjLjlj cjLS" jjjl 

y> I jl o^LilL^I jl J*j .d^-ol (_^j^ jJL- Jl2u ^Ia ^^-3 ^jL-^ljl d^>~ jUjtlj Lj i—<LL p ^P jj jib 

j I ij jcoj I J.wvwb' I d^^cj jj»w^i^\2 4^” 1^.^* d^^w-^j Jaj2_w«j ^y ^y L^.^. j j j 4j ^y ^ Lo i j j 

(Bajpai, P. (2014 )).Jjjj^oj ^jdo d^-^ y t—sL21 j^jI j-^Ld j i 


YY 


_is j i^^ic ol5LiJ!) 


3^j oboL jl 3/^0jL&Jo 4 j ^£j3Us tol g .- j . ^ u ^,Ji: ^^1^3) l^jl ^Ij3IajJj ^33i>* jl OjL*-^ 3 ^gJ_-_o 5 u o>1 -..^pu ^lAdJL«>j 3 *UBd_oli^LL fcL&ool^_L-i^_) ^cLijl 3 o—> <^oli l 

oljyLo 3 jjj_»jl ^3 ^jL-j 3 jjl oL?-^Lal 3 olsbJI 3 0 YYA) ^jliXLoj^fii 3 t^jLaJ^o jl OjLo^- 4 jL y 3 3 i t5 Jjj3^l ^Ifti-SJA (_5l_^J L^-ii 3 ^j^ljjJj ^^is>- ^yAS £*Ac-j L ,jl jl o^La^*>l 3 0 


j-o I djb y kb'jJwO ^jj| dj l t _^i ^IL^j Ji 

j-i> („aI^s (^IjjI^jI) ^I^jI olc^Uol 



c_2.XA j Oj j j — \— ^ 

4j a£" wLji x>- yj\£ ^LAojjp*- j l_AiJjul j$ j jjS”lj ^ dpl-LJ jj j$ La ^j^jI j^>\s>- jL>- j$ 

^jjll3 j3 ^JLo <. flJaj Aj J .w\j j*S> ^A o^IaI^jI JJJL-^A ^A j_LJj AjLval (JL>- j3 j jja 

jlliol Ij a£" w\jj-Jj ^UcjI JJul jj^a ^La^j^j! ojjj^l <.C)jXa 


J jj I JJuLj £_^Lw 4 ^0^P-i Aj ^PcJw4 Xa\ jiff jjjJljLT jl yS' Aj La^j jj 1 ^3 j*a .C--JjlAj 


j L jL^p- i-S\j j3 .3 j^ C-—wv_)j Ja^p-c^j j J^Ap^j j3 tCjus<5 ^xAj 4_j (._^1 

aj ^jLwv^jI ^jL«-mj ^Ijj Ip jLa^j ^JwwwwjLu ^jjjl ^jjLi 4 ^Lw« jl ^jLwwwj ^L*jI aj jj^jo <-Sjojj 
c^jjl^ jLu .Jc£ ajIjI wLJo ^aIjp~ ap-I j^ jl Lj I ^IaJL-o aS* ^^Ia^jJiJIp>- L 3jjp -jj j^sLa 
jLf> j^juj o jJj yL& jLj^« j 3 ^Lwwjj jjjJlflff ^jj I jljjl -ip- jl i^y^- 3 j-> ^ ^Ljl>o ^1 jj La^Jo^Lj 

Ojj^p^ jJL*j j Jj^C,j5 ^lA^jjl j-^jjl i^\jJ {j-y^Jjt (^L&jljjl Ja-^jj 

(^La j! j! ^_jw« ^ ^^-^l ^i^j ^£j j jj wUJ jj ^1 jj .3 

L« j^S- 4^^A_P 3j ja ^j^j j jj la Lp t^JdJLw^A 3 ^w\j>c^s Ia^^j^ w\-J ^ j* j o^IaL^jI oJuS> 

Aj OJjjL* C—I i^-^J LS^-lj^ 4 ^6-’ 0^^ 

t*- 1 ^p»^L«ol ^j^j j jj La^^jI jj aji'^kS' j ^SC^s yS' J ‘Cu y&^ jL^wvj (j 1 7 *-1 .J-JiU 4_3 


.>A-joL 




)l JA Aj o31 d^^ol 0*A-«0 


j^^ji-L-A j!w\j JJ^> jK 1 i^IjLwa j*&>- jj j L_$CwO ^-iS* c^uiP»tJ 1 j\ < 9wLA 

£ £ j^ajj ^xS”L Aj 'VLgJCp^l 


B-(l-4) endo- jl jL;%lj L ajLU 1^ jJ^ Jsl> jj ^J\y j sJ> Blast jl 

jj aS' jj! oJ-aLIo Ruminococcus flavefaciens aj jLcu xylanase 

^ fc A^ojjj Jaj I ^ Aj Aj>- jj L j JcS jS Ij jljjLjlj ^j^jI j^2j 3 j jA 

.J-J.L AJlJjl^ ^Sj>_) Ij J«j>j J^U ijA*- ^y.j ob^ 


rr 


^j^L_L 9 ^ p» ale ol5L-.jag^j (gtlS") (^ 5 ^^ Ol^^Uffl olSoL jl OjLoJo 4 j ^j^I-L 9 fcOl.Q... 0 .?tj t| 0 ^l£ Cjjlj^) l^jl jl OjL—^ ^ ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL d^Ljjl ^ Cwj 4^li ( jj_o I 4 jL ^jjl 4 j |C ^-o jILmjO 

.c^ol -Lioj^-o oIj^lo j ^jj-ol^ii y> L-j ^ ^1 ol^^L^I j olsl_>J 1 j (^Y*fA) ^jljj-ojj-A y *^jlo■ ‘A*) ijlaljx jl CoL^- ^^ils ^li j* 3 L 5 - ^- 3 jj. 3 tj^Jjj^-ol i£^ji 1 ^-*^ 3 ^Ij^IjjJj J«l5" CoIcj L ^1 jl o^IaiLwjJ ^ oJl-oi (»*5"IjjI^I) ^ 1^1 ccl^^U^I 





^ jOaic ol 5 Lw- & g^ (gtlS") ^jl^J I ^-alc oLc^Uol olSoL jl jlj OjLo^Jo 4 j fcOl.Q.. Q.?cj t|O^Ic C-»jlj^) l^jl jl il-o L -. to ^ ^g.L-_a^j C_»^l*«^aPu ^LbdJL-jj ^ lUbd^lj^jLL tUbo^l^J-JLa i 4 ^l_Jj 1 ^ Cwj I 4 jb i^j^Xo 4 j |C ~o 

J gjjjjq *Zj\jj£lq j ^-ol^3 j> L-j ^ ^1 ^Jju ^ ol°bJ1 y OVYA) ^\L V --. o jSJb j *^jlo ^ *sa* t^jlflj^o jl O-jLo->- 0 yli djL jJ j j ^ t^xoj^-o! t^-aJ-C ^lj&L-9JJb j^I^j 3 L ^jl jl 0 ^Lp.‘< ..tl ^ oJlw (^S'IjJI^I) OU^UsI 



s»A_^o 4_^LAi*_*d*S" J ^ La^sL td«>LS "y ^ LAiJ^J j>c^ y\ to^Lidol 5jy& ^1 y ^ CLj\ y-^y-> 



j s 


ij^&jji, o.sLad>l *jy* l 5 ^l 5 ~^ 


^dljl SC<>_a j Gharechahi ) Ja ^y YL 3 aS* yy* <doSLo y I oad ^1 y>cyj\ DNAjl ^yj^jy> 

OYAj I j ^4 j y>*-> ^La^jjjI yj ^31 y a^j (£^ y j a_o o^lidol s y oJ- Sj c 5 jLol^b r ( Y * 

4j y*j ^lS"Ld J^\ j£\j c—&jd>c>j Aj.-LJ o o^Lidol La j'y^j^XwAwb j^SCwLS” \ \ y^~ L^?>c^2w^ ^ 


^oj_jo a^j ^j^Li ci^wwmjJ j l^Cjoj c^ 5 °b\d_Ajj^> ^ (DE3) BL21 y DH5(x ^La^L 

.ddjl j3 o^Udol sjy Oj L)Lo yyy ^a j J^jL>- jssSL: ^1 y i*_^o^jAj 

: j ^l^b DH3cx ^4j 

F 7 endAi (lacZYA-argF) U169(m801acZ AMI5) re(Ai hsdr 17rk-mkt)SUPE 44 thi-l rec 
Ai gy Ac (Nalv)rel Ai A 

^Lj L) I ^1 a y> ^ y y^y jl j -LJoLj^« E.coli y yS\j E)Hj aj y^ jl ^dd ^Jaj y° aj y* 

j j > ^d_^j>- ^Ijb sy->~ Lac O^j —;A ^£jj j > dS" i^S 3 La - ^ o"^ ^$d>cjjl y d-wLli 0 ^y 


~ 4jLm_o_a ^1 jj L)Lj^w4 L)^aj wLa^^^j j\y~ L)j L )^y 0 La^UlIS" cdJL*_9 

0| y-^ ^ 1 y^~^yj 5 ^j—^11 (DE3JBL21 ^4j ^ j! J$ o^Lcl-<jI ^jy° ^Lajjj 

4_S^ d*— E.coli jl ^yS'L I .wLjo Led I o a_jo aJ Lm_^_a L)j jLo ^^aLvad-l (jL)^w« 


T ^ jl_9 ^_UjI 4_w>-L aS" dwol X- jLi jl ^Jidd 4_*Ja3 I .dL^ DE3 yj ^4_*Ja3 t^j L>- ^jj>- ^yj 

lacUVS promoter jj a^ cd^l ^1 DNA A*JaS (DE3) BL21 yy^+j* jb I j 

c 5oJd5'aS' cAjj_^o yA ^d>^A .JdL^ T7 RNA polymerase LS ~yy jj oJi^ J jzA a S' 

-y> j ^LAAdjlwd-ol j^L ^LajJOS' ^1 y oJdS'^^5"jL tRNA 

T7 2j yyj todjj ^ULU IPTG jy&>- jj lacUVS yy°yy DE3 aj^-o .adL 

T7 promotor jddJL^ ^™o yy \ ^1 ^yy jj ld>dL j ^ ^Lo I j RNA Polymerase 

.(Novagen Y * * &) wLJo wLaI y- yy>^y L)Lo ^ yy y^y^A^ 


1 Isopropyl P-D-l-thiogalactopyranoside 




^j^L_L 9 ^ p» ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo^Jo 4 j ^j^I-L 9 fcOl.Q...0.?tj Cjjlj^) l^jl jl OjL—^ ^ ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL 4 Lit o ^ l^J_™_-_j d^Ljjl ^ Cwj I 4 jL ^jjl 4 j |C ^-o jILmjO 

•C^ol -Lioj^-o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 oL>liLsl ^ olsLpJI y (^Y*fA) ^IjJ-o^J-A ^ o ■ t^jLflJ^o jl Oola^* ^^jls AjL jj j ! ^ jj ^ t^^oj^ol ^1 I^JJ ^ ^jlj^ljjjj ^ol5" CoIcj L ^1 jl o^lalCol ^ oJl-oi (JIjjI^I) (jljjl OU^UsI 



J-wo— T—Y 

^L» oI$\_Jl&jj^j jl tJ_Jo O - * ^ (_^jL«o wIXjL>-a (jl ys* 4j aS* pET-28a(+) A^y^hj 

^C,\ ^—’ Ail s^l .J jl j C^>L>- J jjl-^iC^^j j J i^S\»Jaj 

..-L-jolj^—* pET ci^^j^A j jl cij— ^1 ci^ ^jiJ j' j^j^ C ^L^ol j N ^L^l aj 


jl ^jws^L>“ ^\^s2*}j c_^j DNA w\-Jfl frLJUwo .-LJolj^« T7~L^j*}\j tjjjl o^*)Ap 
Lj j c^l oJ-J) <LwO«j ^Ss^S” jli L) $ ^Jl lS \aS \j (jEj jL-*> AjL^o-A 4»^>-lj 

l_$\ _ o^_jo 1 4_i jj -A^j*^ jjj 1 -XaI ^>- ^jAjjl^«l T7 a^j 1_>- l^j jl o^1j2JLoj1 

ojLil L^jI 4_> ^J^w) aS” J-JoL^s j^j jlo o-SCwojiff ^jo 'jj ^L&el52>L>- ^IjE j o^ 


.(Novagen, 2005 ) c~J oJJ^ 



Y? 


_ is 3 jo^ic ol5LiJ!) 


3jj j>$ (giS) ^jl^jl oboL jl (\^>jb' 3/^0 jL&-Jj 4 j (^j^L -9 toL g .- j -' ^ u tjo^ic l^jl J jS Ijj.Jo. jl OjL*-^ 3 ^_L_o~SLj o^L-^1^0 ^£l&dJL*>j 3 *lAd_oli^LL dcLijl 3 o—> d^oli^j^o 

olj^Lo 3 jj^ol^i ^jL*i 3 ,jl oL?-^Lal 3 olsbJI 3 0 XT A) ^jl 3 t^jLiJ^o jl Colo^- duL y 3 ^yiubjy 3 i t5 »jj3^l ,_£lfti_ 9 jj& ,_£l^j l^-ii 3 jjl^ljjJo J^lS" c*jIcj L ,jl jl o^La^*>l 3 oj^ii 


I djb y k_S"jA-o ^jj| dj lt -^i 

(^il^3 (^IjJI^jI) ^IjjI Olc^lJol 







T7 promoter pnmer #69348-3 

p^jyrr* #60214-3 T7promoter ~ * Uc operator ^ _rbs_ 

AGATCTCGATCCCCCGAM1T WTACGACTCAC TATACCCCAATTGTGAGCCGAT A&CAATTCCCCTCTftGAAAr«ATTTTGTTTAACTTTA&CA&GC&CA 

N M | HivTag JWeJ_ N/wl_ T7«T»g 

TAT&CCATGCCCAC:ACCCATCATCATC&TCATC&CAGCAGCGCCCTBGTGCCGCSCCCCAGCCATATGGCT&CCAraACTGSTGC&C&GC 
MetCI^SerSerllisITsHisJl^sIh sHMsSerSerGlyleiiVa! ProArgCI ySrrlli sHetAl aScrUf IThrGI yGlyC! nGIn 

L T _ If. . _ 3tJ_ _! e* 1 r “ n T 

_ BarrtH I £cafi I Sacl Sail Hind III Not I Xtol Hts ‘ Ta fl 

ATCGGTC GC CCATCCGAAT TC GAGC TCCGTCGACAAGCTTGC&GCCGCACTCGAGCACC AC CACCAC CACC AC TCAGATCC GGCT6C TAAC AAA6CCC pCT-28o * I 
HrlGI yArgGI ySerCI uPrieGI uLeuArgA^gC! nAloCysGlyArglhrArgAloProProProProProLeuArgSerG! yCystnd 


GGTC GGCATCCGAATT CGACCTCC GT CG AC AACC TT CC GCCC CC AC TC GAGC AC C ACC AC CACC AC CACT CAGATC CCGC TGCT AACA AAGC CC pET 28o • I 

. Gl yArgAspProAsnSerSerSrr Vo I AspLysLeuAI aAlaAl aleuGl ulli i Hi ill is III slli slli strrt 

GGTCGCATCCGAATTCGACCTCCGTCCACAAGCTTGCGCCCGCACTCCACC ACC ACCACC ACCACC ACTCACATCCCGCTCCTAACAAACCCC pCT ?8c >I 

__GJ_^Ar£l^£Srjn£Arj4^ProGerThr$rrLeu4r^ProJI^2S£[ i J*£]j^TI^]j^TlirUirThrGhiJ_[£Ar2l£uLeuThrL^5Pro_ 

Spoil 02 1 _ T7 terminator _ 

GAAAGGA AGCT GAGT TCCC TGCT GC CACC GC TGAGCAAT AACT AG C A T A AC C C C T TGCGCC C T C T AA AC GGGTCTTGAGCGCTTTTTTG 


T7 terminator primer #69337-3 

(Novagen Y* *6) pET -28a(+) o>j% jL; -(jjl- _«-* Y-Y J£*« 


u/jUd r 


jl oAal Aj ^JI^j 4j 4 _>-y L j Oligo jj La^ 5"jlc>I 

^LaOoGj dS” JjAJa ^2 4 j ^S*jIpl jj ^LaOoL^j 4 j 12^-y L .aOA ^ 

•JJoLjo *laLG>I jJ 4 j l^j iStr/ 1 j EcoR 1 ^jjjl y 


03 ji a -^ oaLL o I ^La _/jLel :3-Y J j _L>- 


/3UI 


i jjr-LS'jw^^*3^1 3 i^aa 


CJj 






AA GAATTC AAGAATGGCATTTTAAAGAAACTCTCAAC 


AA GTCGAC TTCGCCCTCAGCGC .S’a// 


EcoRl 


I — Y—V—Y 



a j_Ja Geneall plasmid extraction 


O_*5" jl o.iljd_l_ 1 ^_^l) jl aOaj*Aj 



.AJi *1>J oJj iAu OS' 




YY 


_ is 3 jo^ic ol5LO& 


3jj S') j^l^jl ol^^Uel oboL jl (1 ^>jL> 3/^ < \6‘1Y < \ Ojloo aj aoL g .- j - ^ u tjo^ic jl OjL*-^ 3 ^_L_o 3 Li o 3 l-^£1 &aJL*>j 3 alAA_oli^LL al&o^l^oOj acLaI 3 ca Aoli^j-o 

Olj^iLo 3 _yjLw 3 ,jl Olp-^L«l 3 Olsbdl 3 (lYfA) ^jljOj^Ai 3 a^jlflOl/a a^jLflJ^o jl OjIo^- AjL y 3 3 i^ 5 aJoj3^l ,_glfti_ 9 Ja <6 (_$l_yj L^aJ 3 Q^ljjJa !_33 SIS>- 5 " lAolftj L ,jl jl O^LaOil 3 oJuii 


I 4 jL y a_S" j Ao ^jj| dj ^aaljujA 
(^A>l^3 (^i”lAljjl) ^Ijjl olc^dol 




















j) ^<uias -r-r-r 

_J£5 d jl ^lo d C5^ 0 “'^''-*’ d^d^^ d^ o^Ll33)l Ij I jj dJl ^£4_*_L2i 


.c^-sij ^xSCj^jJ J^-l 


PCR fU!l J»l^ j PCR ^U JjMA ^jL-oaU -^-r-r-Y 

odj j\ wc CdS"^Jo 4^24 j ! odd) .^Ub (j^dd - ^ L> 4^ dj^o^ld yA ddj4 j La A Lp I 

(J^_L>c>s ^jI jl CwLd 43^S* ^lij d 1 ^ l)^-L>^>5 0^ _y*£* 4j d odjL-»)j d^d^ * 0*1? Ip 4_) 

o^Ld ^<jI ^jLS” (_jd L>c^ L)1 d^” 4-> d 4 -^j C^-^j d - ^ ^1 ^oJd ^SCa (_jd^-° ^ ) d^d^d jAA~g \ * 03d 

.d_o J* 

d^ dl—^ ^dd - ^ ^1d - ^ 5 d^ ^d_S* ^__a *_>cj>- 4_S" ^oJdY * L^j PCR ^IdSld Js?4 ^j 

.C~-l oJUl (Y-Y Jjd^r) 

!d-wjl Owdl (J^dj>- 4^ ^ ^C,\jbAs>-j^- ^Uj ^4 jjIj^..J ad 

^l_Adj ^aJ Lo I .d-^ o^b dd^jl j2*~ ^1 ^S”^ajL-*j ^Y Ij .1? j\s>kA ! (^d^ 0 ddd ^-old 0 

(J j^Ay& ^jb>)ddd j+a\^ ddpL) d ddSbd^o |j DNA ^£4xdjjd^ odjd^d_^5\J 

^L-A^—^c^ d^ d^d^“^ d^ Co I .d^-*) ^1 ^S*^3ubo (^4j>~d^ (^Lo Ij -I?d”b*t-4 I JUajI (Y 

.ddjL^a (JL^j 1 DNA (Jd^^d^ 5 c^^JPd 

j_a 4j Tcicf d^d^t^ DNA ^jjjl t4ij>-^jjI .C 3 L) ^1 ^S'^L*) ^4j>-j^ VY Ij ! L?*^> (Y ,( 

.wLa^^o ^J-bCdj Ij d^^^ DNA ^J-^bb DNA d^ ^djdj>- ^LA4ddjj d owL^w^- jA>A 

Lj TAlE jA^—} d d s^d^ ^ dd^"^" f (Jd d 1 ^ td^^^d ^d^ d^dd^^ 4 Y c^jddS"ld ^UcjI d-o Ij d j^AsLa 4j 

.dj^Jdd^dd^^ 4_c3^ V^ ddd^j 4 j A*dbJd 


1 denaturation 

2 annealing 

3 extension 


YA 


(^j^L_L 9 ^ p»ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLoJo 4 j ^j^ 1-L9 fcOl.Q...0.?tj t|0^l£ l^jl jl OjL—^ j ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^jLL d^Ljj] j Cwj I 4 jL 4j | C ^-o jILmjO 

•C^ol .Li oj^- o olj^Lo ^ ^-ol^3 jj L-j ^ ^1 ^Jju oL>liLsl ^ CjIsLpJI ^ (^Y*fA) ^IjJ-o^J-A ^ t^jl0 ■ t^jLflJ^o jl O-j!_<>->- ^^ils j* 3 I^s^^3'jv 3 ‘^5^33^^ ‘LS^^ d y l^JJ ^ L ^1 jl o^Lq.- ...I ^ oJl-^i p^itl j3 (Jljjl^l) 0U3U5I 



jlJjt * PCR ^1 j* jLj ^jx* >d x* '^~^ dj-^ 



jLu 


Taq pojL ^jU-Master mix 

i-L^lS’ ^jjj-Ci ^polymerase 

a-J 1 . Ao^p—1 ^^yl^y*ml J f -S gj - 

A 

^Jj^Iwol oj^_)^ jJajLo i,_j| 




/ii 


PCR y^S\j j$ o^lii^l Sjj* js* ^<uU ji ’X— Y cJj*x>- 


■Jg_w.J 

JLaJl 

cSjLo c^c^lj 

o/ 1 -? /'y 

- 

- 

aJLJj 0 i O< \0C 

4«j^jl C-A-sX 

iVY °C 

aJL' TO °b?C 

ajlto °<\tc 

r« u i 4^.y>. 

AiJ^ 1 • °VYC 

- 

- 

Ja«o 


jl^l Jj cijj jl ^^jJai *UL 

(j 5 y-2>- y ^1 y^ o (..A^jIj \*/9«>~\ XPl y&S>*j& '*—-'-'-d PCR ^dS"l^ 

4 *_La3 ^ S^C^L>“I w\jL ^j^2-Jj>cJ 4j jU ^jj I ^jld O yX ^J_*J ^Jj>-I y° (^L&^jjjl 5 ^Ssf^P £_)Lj 

jj\—^\ (Jj (£jj j—* ^-SCa A* ^ PCR (J y&>x*a jjlS" I (Jj jl 

jjp Geneall PCR purification kit jl colii^l L Jj ^jj jl ^^Uai^-I JGL j oJJ. jW^ 

T co.J Jj _^ >cj DNA cx lilp jl^_^j ^d>Ci «o ^1 j— j .X x _ ^ >cj ®*-tj jl— *-*> XXS ^J*q^*JIj yx*>5 

jjySjy^2\ a V& xxx ^ 4 ) A* jlxJ^ L TAE ^jL _j x^j^ */^ j^lS"! cJj ^Sxx d)l jl j 

.xx ^jld^Ssj ^1 ^^Lo ty^Tj^ —T* ^lo ^Jj>-I o^Lid-*jl j jlXa 4j owULow^Lj ^ x - <, 

Geneall plasmid extraction kit J^ljj^-*o jJ? Xyj% ^1 j>x^\ :PET-28a Xyj% ^\j>x^\ 

.C-3 y> *Ucjl 




^j^L_L 9 ^ p» ale olSLO-fej jo (gtlS") ^jl^jl Ol^^Uffl olSoL jl £*cjjlj OjLo^Jo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^l£ Cjjlj^) l^jl jl OjL—^ y ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL 4 Lit o ^ l^J_™_-_j d^Ljjl 2 C-iaJ 4 ^li ( jj_o I 4 jL ^jjl 4 j |C ^-o jILmjO 

•C^ol -Lioj^-o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^ olsLpJI y (^Y*fA) ^IjJ-o^J-A ^ t^jlo■ t^jLflJ^o jl Oola^* ^li j* 3 L5 -i~£>3jj ^ t^^oj^ol l£^ji 1^-*^ 3 ^j)lj^l*JjJj ^ol 5 " CoIcj L ^1 jl o^IaICoI ^ oJl-oi (JIjjI^I) (jljjl OU^UsI 





pET- 28 a J— &—Y— Y 


» 1__P*CJ I 


JHIJ 


pET-28a^*\^ j PCR (Jjj ^4JlS"j^ ,t.-.,i? a ^jjS"lj 


A* ^jj^l j 11! cXJ-L^j cr ^U2i>-l yl ^1 jb Fast digest EcoRl j Sail 

.0*3 y Aj aU>bjI (Y —Y) JjJj>- L Jplia^j jOSj jSwj Y* # 


aa oLi'iY—Y 


(J 

y 

YY 

(PCR J j^. L J.U-) DNA 

VO 

Sail ^a>\^ 2 i>-\ jiL 

r 

Sail *jy\ 

VO 

EcoRl 


Fast digest yL 


9 * CjJ 4 4 ) j J Jo Jj? jJj>os %>\S j wLJo 4Jj>cJj jlJ^LvO */& <, 3 yZ J ^Swj c_S\j jjj^ OL yS^u* ^jjl 

(JL_*_9 j_^P J J 1?4 j .wLOjS* ^jIAS^bjS" ^1 jS'^Lo ^ 4 j>-j^ YV ^Lo L I ^Lqj>- j^ 4_fl^3^ 

jL_g_>- .J Jo e^b jlj__9 4 jLJo Y* 0>0j 4j ^1 jS"^IjL-o ^4j>-j.S A& (^Lo j^ (. 3 yjjj^y 3 (.La^jJjI (^jLwo 

Y& OJ _ a 4 _ j A* jlxJj L TAE jiL j */^ jjb’l (Jj (£jj y a (J j*<2>zj3 j\ j, jJj j^y 3 

.wLO / jj j3 jjl^jl 4_i3^ 
! J-Jo 4J3 jS j^2j j^ ^• > ’b A ^1 jJJ j jOO j^L? i w 5^ 2j ^ jO 


4jliji * »/3& I&—Y JjJ^*- 


( _p4 J 

y 

A 

PET-28a 

Y 

.S^/7 jiL 

Y 

5a/7 ~jy\ 


EcoRl 

Y 

Fast digest ( _ r ^La^l yL 

0 

0 J-O JJ ^ 1 


y- 


^j^L_L 9 ^ p» ale olSLQj fc g^i (gtlS") Ol^^Uffl olSoL jl 0 jLo__j 4 j ^j^b -9 fcOl.Q.. ll Q. 7 tj *~~ > J Ij^) ^4 3 ^ ^ O V - ,n ^UbdJL-jj ^ tUbd.olj^jljL k L& o ^ l^J_™_-_j dflfcul y Cwj I 4 jb 4 j |C ^-o jILmjO 

•C^ol -Li oj p-o oIj^jLo ^ ^-ol ^3 ^jL-j ^ ^1 ^Jju Ol>’^i-*^l ^ CjLsIpJI y (1 Yf A) jSJb ^ t^jio ■ t^jLflJ^o jl OjLo^>- ^^ils ^ LS^*^ 33 v 3 ‘*^ 5 ^ 33 ^^ ‘LS^^ ^1 y_ l^JJ ^ Jol 5 " C-jIcj L ^1 jl 0 ^Lp.‘< ..tl ^ oJwj (Jljjl^l) 





-> jLo y I jjl_1 j twU « 


y ^4_L>- y> jjl CdJl*-9 ^jLj (J y&’>^ a >-y ^iL j Lk^-J y\ 

Geneall PCR purification kit jl j j \su y .c—I ^Jia jl J^U- J j^ 2 ^> 

.dd o^Liid! odjjbo d-*S" j^Sj 




(Jl_ygji y~** j ^!^__j o^l_*1 jt-Jj_J jS Ja^oodd o^b ^jd^JwoL>- j yj ^£4_*_la3 jl 

4_j id-w^o ^£4_*_L2i d-Jilp ^_3 L>cJ l j y\j\S y j!LSL*j 4j ^jlddO j^sLa 4j ,d_0 ^ 


/ Cl 


•V - ’ UJ- 




Jl*aJ I jl if'—Y Jjd>- 



<-*■£ J 

VO 

pET—28a owLJj y 2 ^\>rZ j J£lj 

T/0 

odJj y2^L>U yj 4jd23 


jlSJ °j J j j^l-* 

Y/0 

ddH 2 0 

*/0 

T4 DNA Ligase ^jy\ 


dad*^ J —V—Y*—Y 

id-^o ^1 >cjI yJ ^jj ^^Ty ^j-^-*Jl^ ^IdO lj ^jlJa^j da-Id*^ ^L&iJ 

^ Lwo &* 0^S\Jl s l_$\ j 0 \ (JjJ >- tCd~o yS) LB ^ y^\j jl ^iwiS" lSL 

.dd ^jldS"L/ ^1 ^S"^njb.o TV cSC djd« aj ^ ^JLL ^^dJ 

^A_g.L (^j_x.J ^_L« &* * ^jjjl j^) LB cddS* Ja^>os ^ ©jlJ cddS" jl ^dJ^L« — Y 


. -A— 1 kt^ 


n 


^j^L_L 9 ^ p» ale olSLO-fej jo (gtlS") ^jl^jl Ol^^Uffl olSoL jl OjLoCu 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^1& l^jl jl -_-oL—^ y ^.Lya^j Cl»^l*oaPu ^l&dJLo^ ^ tUbd.olj^ljL t L& o C l^J_™_-_j d^Ljjl 2 C-iaJ I 4jL ^jjl 4 j |C ^-o jILmjO 

•C^ol -Lioj^-o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^ olsLpJI y (^Y*fA) ^IjJ-o^J-A ^ o■ t^jLflJ^o jl Oola^* ^li j* 3 L5 -i~£>3jj ^ t^^oj^ol l£^ji 1^-*^ 3 ^j)lj^l*JjJj ^ol 5 " CoIcj L ^1 jl o^IaICoI ^ oJl-oi (JIjjI^I) (jljjl OU^UsI 




A OD 4j C—JJS" ^y"b ((^J^ yiSby OD 4 jL3.sV* j C—pi—*’ i-Sb ijwb- jl -L*_) —V 

_>1 .C-*_3_>ejI 4.L*_Jo jLS” j i^JJ Jj>j^ ^Loj -L*j 4_) jbj ^jjl jl AS" -L—oj */A Lj */ 

j, ~ j ^ L-a TO) -L—-o ^Jj -ol ^^3jJ 0* 0^-^Ib L—-wJ^S” Ji2_^>c-4 ^ISO-A 

-LJo ^U>cj| j ^u2j ^XjL» V C ^Lo J V * * * rpm 4 jL- 3.S ^0 Cj-La 4 _j j (-LJo 4J2?Lljj 0 ^SCJli jJb C.-JjS' 

JJ^ LjdJJ £d^* J 

4_j j —>-1 j sj_jo jLji^o (yyj_* * *) C 3 .CI 2 ^ L)^j-^ 4_si_v^i 1 _ > y^b- ^ _ j y^j ~v 

CjJ _a 4_ j yy _.-^_'-*’ O^b jlj_3 ^—’ i^SjJ ^_fl—3.S T* (JJ>J_a 4_ j j ©J_Jo o-\jl—oj ^lJ ^i--4 TO ^->eJ>- 

.J-Jo t hJo- ^ jj ^*_) b j -LJo ^bol j y^ y-^ bo * * rpm 4 JL-s^ ^0 

^_Lo 0*) A/^C /2 jl j_iJ ^_ba -\_ l>- 0^ j—^ ^jl_s^l 1 —j 0 ^S\Jl_3 j[ ^j>- ^J_s^?L>- ^. .wqj —0 

CL*_ > L^j ^ -\_jo y^-\_o 0^$\Jl_ 3 T 4 _j 0_ 3 T d^L-j ys>^ yy ^ _j ©-^_Lo jLjl-o j J ?•- (j'V y° 

o^b jl j —3 j (£jj 4 _A-o3^ V * ^ -L_-oj j__jJ ^_L-a TO 4 j o-\__)Lo— 3 1_> 0_ 3 T jl ^ ^cj>- 

.J-Jo < 9-L>- b J -LJo jy&-> ^XjL-o V0* * rpm 4_i-3^ ^0 Cj-Lo 4j ^^w-—>j c —L—*j 

oJ—Jo ^ # ) C^C /2 y L 0», j y^j 

-L -oj TO 4 j L^j C—! l$j J -LJo -Lo 0y^b L_Sb 4_) 0y^b T CjIj ys> c-4 ^j-w--o j 

j J o y" ^1 >tjl j jij ^jjl —0 V 0 * * rpm 4 jL- 3 ^ ^ 0 <jj>-Lo 4 _j ^v---o t-LJo o^b jl y i^jj 4_L- 3 ^ ^0 j 


.-LJo ^_3-L^ 


L5dJJ G 


u 


o-LJo yJ^y\ j y>-Lv^j^^O (J^--IS* ol4 j CG.CI 2 y^J —V 

^ -L_-o4 '^s>*jj 0^ jl y~^3 ^Sb-« ^ * * t ^Jj^ j-*ol ^ yz* 3 ^ -L-o 

,-Lj.o^bjl j3 -V* °C 


c-S"jJ* y*jj jl I b DH5a -L*j~~4 ^JUajI J y^a^o ^ jly — A—V—T 


!-LJo yj 4j tjUzjl (J y^2S >^J 0^yf 4JJ>cJjl 

V* ^ J__Jo 4_sl v£?l wL*J jl y^ ^ 0* 4j yj j ^ * 0l^>J 4 j (J L^j ' y^2S >^s jl —^ 

.-LJo o^^yl y^ -L-fljjb CJ-J^ tj y-^ l *— J y^J^ • “^-Lo o^b jl^ 4_i-3^ 


VT 


^j^L_L 9 ^ pt ale ol5L-.jag^j (gtlS") Ol^^Uffl olSoL jl OjLo^Jo 4j fcOl.Q...0.?tj t|0^l£ Cjjlj^) l^jl jl OjL—^ y ^bbdJL-jj ^ .Ub^lj^LL 4 Lit o ^ l^J_™_-_j d^L—1 ^ —•—J I ^jlj ( jjl Aj |C ^-o 

.A-jI Olj^Lo j y> L-j ^ ^1 t^Aju oL>liLsl ^ CjIsLpJI ^ (^VfA) ^IjAojJJb ^ o■ t^jLflJ^o jl Oola^* ^^jls ^jL> ji J (_s , **‘^33v 3 ‘lS^^ 3 ^jlj^lAjAj ^ol5" OjIcj L ^1 jl o^IaOj! ^ oJAo pol j3 (»*S"|jj|^j|) jjljjl —j1^3U^I 



cJi _ *£ ^j\ xSla S> ^j ^1 l £4_p-j.S TY ^lo 4JLJb 6 O-U 4j UJjl^o -Y 

.C-*3 J^> jl jS ^tj f^JJ AJL35 4_^j CJwUj 4_j 4_L^li^Aj 

~4j>-j 1 i YV ^Lo T& djwta 4 _j j wLJo 4_3 Lv^I U J4j LB o.-.JLS' Ja^o-e^j jl ^SL V* * — V 

.^L>cjl ^£^IAS"L/ ^1 ^ 

cJ-jo j^ujj^ jL» ^ * * * rpm 4 JL 3 .S 4_^o <u C-*-LS" Ja^o*^ j (J^-Lo o^S" ^j ^S”jl — ^ 

1 _ Jj _ ^jj ol^_oJ*> 4_ j oJ_)Lo ^3lj j j^-y° Y * * j o^LJo 4Jj>oj jj^ ^jjj £J b jl ^iJj^Swa 

&* ) _wjUjIS” ^^Lo>- Y (J^w\_p- to_^) jl_S* I LB w\_^slp>- ol* sS Ja«_p*oa jj to-A-Jo jIlo 

YV ^1_o d-^pl_^ ^ ^ OJ_* 4 _j c-*,_L i^£jj j-)' ^jJo>cj j! a*_) j ^JJixoa (^-L° ^ j ^Swa 

.JoJ^Sj a. 

o^^ ojL^oI — Y—Y 

^51_) L_4_j tJ-joL^a ^wwwJLljlS , oSCj ^aj^oI 4_j c^ajULa <jj ^Ijta pET~28& ^J^L>- 

- ^i}\ ^Ijb O-—LS" Jao>t^a JjJLwvJl jj ^jJojjjl^ 4 -L-Lp— ^y\ C^3Ijj^ 4_j j^3 aS ^j L& 

JpL_p»cJ jl j ,1a 1 ^j*• j* o^LiL^jI Ij <ubl oSLj 

^ l_& ^_lLS" J_o Ij 4_Ip- U-^. 1 J a ••^‘ L - Ji jj^aj ^]l jj 03Lj^ j tjJ-Jo o^_jl^" 0 ^ 

^_0'^ <lj jt-O* j Colony PCR— Quich Check jj jl s^LOl L IoxjI aJ jl 


^jjijJS j J 19 U ^1 ^psiv-l U Quick check ^jj -OT-Y 

j_i ^^j>- 4j ^ t_)UO LoUlS" l_SCj^o^xjI j- 1 ' ^ (^1-*^ 

f ^ a ^ ^ '■ ^ l *.. c -1 . *' ^ ^ ^ 1 Jj wCw^ <ota l. * *«. ^ L^ Ij LS^ y*~ 1 g ^ I 1 s 9T H ^ ^ * 

( Jj-j^S”) pET -28a J_olj- j^-lj DH5a (_$<uj~o jl ^ ^ ^Ls* o^\j t_) bo. wVj ^ j' wVS^ ^1 

.J-Joo^l^ c^wLS” 


rr 


^j^L_L 9 ^ jOalc ol 5 L-.jag jj (^5^^ ol^^u^l ol 5 oL jl (!Y*^&/^/^ OjLoJj 4 j fcOl.Q...0.?tj t| 0 ^ 1 c Cjjlj^) l^jl jl j ^_L_o-So pyC^a.^’u' ^bbdJOj ^ klibA-oLi^jljL 4 Lito^l^j_™_-_j d^Ljjl ^ Cwj I 4 jL ^jjl 4 j | C ^-Q ^LmjO 

.C-^-ol k oj^- o olj^Lo j ^jj-ol^ii jj L-j ^ ^jl ^Jju oL>liLsl ^ ol°bJI j (IYf A) ^jljJ-ojJ-A y *^jlo■ ‘S3*) ijlaljx jl CoL^- AjL jj j ^ t^Jjj^-ol i^o_Lc 3 ^jlj^lcJjJo iS^ 3 " >Pj 1 ^j L ^1 jl ojIaILmj! ^ oJl-o (^S'IjJI^I) (jljjl Col^^U^I 



A* j sjj J_joj jl ^jIj_<Lj ‘•i^j" _>1 jl _-J L Ia^ j£\j AAj jl Jj*_) — Y 

.(^^a ji j ^ 4_L*_jo jhS" aa ^.wol J]aAA I y3y ^5Cw« 

1 ) J_SCJI J^voljjjl jlS* <^-~Sjj J^yj^-r* J j^yj^y 3 cjlj^ ^ 11 J yyJ ji -T 

.AjAA y>- 4_j j^jjj . !?■**>^ 4_sLv^l 0 ) 'd-w^o 

4 S' ^^b jli ^ Ai $^> jjJL) jliL»i & * * * rpm b 4_fl^3^ ^cJo djda 4 j owV^o I id-*-*jbj (J^_lj>t>s — T 

(J j —^4—j^-o-J jl—^ J—*/^ jjl—S” I (Jj (£jj j—> jjj—9jj^SGl Jjjfllfl 4_) dw^l Ay yKl 

. w\_^/C ^ Cj j ' 

jlj__3 (Jj ^^j'Vl > ^4 Lajij j y (J^dS" wd«j*)b) ^ dw^*j <^~Sjj y ^L&wdjj*)b — & 

.Addl^l y>- 4J3 

Colony PCR J*jj -t-T-T 

^wL>oj dob Colony PCR i y j yj b j*3 { *~^jy^ y^yj &aa od&LJd aaa ^L&j ^\S 
4_ > &aa owLaLJla a^iIS" jl <*S ajj[a-> I L o^jj A-Jjl PCR b 4 _)LJl« ^b>cjl ^Jj>-I jA <*S aab^ jl Js 

AyA^o o^bld*jl j£}\ jl y& 

,+^aA j -do j*}b ^\—X*— T—T 

Gene all j aj ^1 Quick check j Colony PCR^jj aj 0 jJ. Xob ^La^^JlS' jl 

L .aab jl j3 ^ L^j wLob $jy& 4_jLS^^^ ^1 jg^.^ 0 ^ 4ji3 ^ plamid extraction kit 

.d-wJ^S' ^ J l- 0 4 j4j (JULo! ^O^LjI A*Aj*^kj t^L^j dolj^ ^Jwv£^L>- ^cj Lb 4 j 4j>- 


Exoli BL21 (DE3) ^ ^ J J* b-wo j*^b Jlibl —(i—T 

J_^lyj .j_j^^ J-ido Exoli Rosetta (DE3) ^-Au ^bj L)bj^ 4^ ^Syy J-«L>- 4i^ y> ^1 

Ijl ^ jj d^jbp 4J13 ^L>tjl 

Exoli BL21 (DE3) ^jLo (<_i3l 


n 


^j^L_L 9 ^ p» ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo^Jo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^l£ Cjjlj^) l^jl jl OjL—^ y ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL 4 Lit o ^ l^J_™_-_j d^Ljjl 2 C-iaJ I 4jL ^jjl 4 j |C ^-o jILmjO 

•C^ol -Lioj^-o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^ olsLpJI y (^Y*fA) ^IjJ-o^J-A ^ o■ t^jLflJ^o jl Oola^* ^li j* 3 L5 -i~£>3jj ^ t^^oj^ol l£^ji 1^-*^ 3 ^j)lj^l*JjJj ^ol5" CoIcj L ^1 jl o^IaICoI ^ oJl-oi (JIjjI^I) (jljjl OU^UsI 





al^S jl o^lddol L DH3(x jzS\j jl <^^Syy ^JwaLs- (<_ j 

^jIo (jL)^w« 4 j <^~Syy ^J^L>- ^S*4d>eJjl y (^ 

p .d-*_ 9 _>cjI 4_L>-^ DH5a 4_) (JLiol 4 jLLj ^Jj>-I y* ^^1 ^l$o 

.dddota d-*-dS" {jj jlo ^yjjy jA j j odJo i^^L>djl yy 


yAj ^ y ^ ^ Y 

!dd ^L>tjI yj ^Jj>-I^ <j-d J^J (jL) J j^aLa 4o 

(jjSCJLs l^sj L lj IS” LB CddS -Lo>c^j ^dJ^LoJ ^d> tCdda ^L&^^JS" j\ J]£ lSL —\ 

.dd ^jlJlfL^ ^d d>o O-U 4 o ^1 ^ 1—0 ^AjyjS TV ^glo j (l£ 

(^^_dJ l 5 -L» ^ * * * ^jJjl J^) LB CddS” Siy^ jZJ Lj ly Y * * J* (JyS^ ojU CddS” jl L ^ Lr woY -Y 

.dd ^aJLIo 

l^\ O idwdS" .dd 4jLv^l EPTG jN ys i ^ys \ jl dL 4o CddS" Ja^>os 4o ^ (SjJ-* 1 - , d>- — Y* 

~ol—*1 j j_liio 4 j ^ d_o ^> ^^IdSL jS d*pL*> YA djd« 4 j ^ A * rpm ^ ^1 ^S” ^^oL»j Y* 

!wLJo^I>cjI jjj ^Jj>-I j* SDS-PAGE ^1 y L&d y ^j 

J—^J ^ -9 •Ad J ^d L*> 4_fiO ^ ^ dJ da 4 j \ Y * * * 1'piTI j ^ 0 dd 4 ^j ^ 4j j I yS ^La ^ — ^ 

SDS-PAGE J ^3L_) L_j pH A L_j id*ljLww_3 (jdJo d*_) J ld>- < _ JysJ jl ^Jwv^L>- 

_v^L- y-^jj LdL^j J duLo Jj^J w^-P Ij dJo odLJj^>- 4_L3^^ * ^ dOJs?^Jj>c>s 

• d^ / j J A(i Ldolj ^ d^sl^Ju/IJj 


d^Lsid%*> jy/u^- dwQI^J j^I jj^.3y£l\ —Y—&—Y 

.J—Jo old—^>1 dv^jA * c SDS Ay I (Jj jl lA^jdjj^j ^ ^SvJ ya Ojj lyz*"* J ‘-SLS^d ^1 y 

jjyS^jy^S\ ^>1—>cjl ^1 y .(Y jY* (J^d>- tCdj^) idwji d»-« I Jj/I jl dJ^ld« >■ ^j?.Ip 1 

(Jj ^1 ^_j aS ^jlA4ddd Ido! .dJo O^Lldol 4_i?^l&I jyi^j2 ^ BIO”RAD olSsdo^ jl 

^I_&4ddd .d^ S\, -US dv^j^ V* ^ l^ I ^ odJo4Jddj w\d3j^« jIS*4j 




^j^L_L 9 ^ ptale ol5L-.jag^j (gtlS") (^ 5 ^^ Ol^^Uffl olSoL jl OjLoOj 4j ^j^ 1-L9 fcOl.Q... 0 .?tj Cjjlj^) l^jl ^Ij^ljjJj ^yCL^ jl OoL^ ^ ^_L_^So ^bbdJL-jj y tUbd.olj^jLL d^Ljj] y Cwj I 4 jL 4j jJ> 

.OwjI ^ijO) -Lioj^-o oIj^lo ^ ^-ol^3 ^jL-j ^ ^1 ^jju oL>liLsl ^ olsL^JI ^ ^ *^jlo■ t^jLeJ^o jl OoL^^* ^^ils 3 3 t ( t _5^ , 33-®^ 3 (33^^* Ool^j L ^1 3! o^Lq.. •■>! ^ ojO> (t*S"|jjj^l) 



L_j ^bbo Ip jl (jlbk^J?! jl ^j"- 3 .AjAJo ^jl.b^J^L>- 


L$^^y7J^r7 J- 5 J ^ j'y 


_^o jl _*-*>! L J Abo4J^>cJj oAb£”lA>- Jj l.bb)l t Jks A A (^jl jl L&4_JbwJo JjaJ Ls^ 23 (j^/ 

jtalS” Jj ^Jg«.o j 5 jbo ^ jS^s>- Jj jjj^ 4-> IjA .ijjj j! Lj A.Ojj j)aA/s >._^1 L> Jj ^jjj 

V 1 ‘V 15 <bjjlj jjj^1? jl t(jl jl ^*u .Abo 4JA*j jJ>- 4_) (Jj 4_iLk3 A (j * jl A*_) ^_9Lv^ 

jl .bA3jS" jl^3 i^wolba j^ 4_jLJj 4_l_v^l3^A_) J wX-»Jo 4jLj>l oAAS'^S'I(J j j^») j ^ jL>- j\aAa 

L_j (jjj>c^a tAj ^^> jj jj jjXSGl l_$J)Ij 4j ^l4AAbo i, Jli j ^ jL>- 4 jLJj tL&Jj (jAbo^Cb^j jl jlbw^J?! 


I jj^j jl j ~.J j^SJ^Y 1 


^ j- 5 •(& Jj- 


k^jAbo^j jjjjjj^Jl jib b ^bij 


j^ j»o jj-^^JjJ j^b) b«*_) , Jj ^/ (jlj A(j jbJj bb Abo b j .Abo ax>cjj SDS-PAGE Jj ^ULibfcUr 

b£_)lj jl I_&Jj j ^ lffl.3 (jb_)j^- bbAbo tjj ^l^ul 4 j i^Sbj ji-Lk^ij jl A_*j .Abo ^jlAS^jb Lai^SCaL>- jl 

.Abo ^»b>tjl jJ_) ^^-obajS" L_^Jj 4l»k^oJ 4 j Jj y^&\ L^jj jv^ toAbo ^jl>- 


(oJLi; ^jj|) Crude enzyme cJUi -?-Y 

^jb>cJ_ jjbaj j__> j J *&>- jl (jlb^Js?! j SDS PAGE Jj j^ jj I jlu jkj bb->jj ^Jjli 4-) 4^” J- 1 b 

bb _ wmSJJj jl _s^l^- i-_ ■> j _ (£jj j—> Ij^_(jl jbP ^ spelt xylan jl o^Lib-*)l L ^j- , l bbJL*-s 

pH V L olj^— yin j-^ 'j^— \y* jl ^ T J? j_Lp*c-« j j_Lbw4 I ^1 .^bkJ ^1 >cjI ^ ^xS”L 

.J-Jo 0 * J ^ JjA^tbbw^ Jt^) 

IjJ j I o L^sb^o 3 Lj 

A* * *g L 4_Lk3^ T* ^yS'L (^jl^ - C-^-JjS" jl (j* tjLo 4 _Jj^>j (j^LJo o^LjI jl ^j-^ 

^iL jbJ^Lw« (j j^ ^^S”L i ^j-^’j c (_5dJj Jj^ 5 ^ 5 o^-i • w ^ 1 

.bb^3 jl ^3 jJJ^ 4_ik3^ T(j bJ wba 4_) j Abo (V—Y JjA>-) oAbS'jJ 

^IjlS* j> ^4j>-^>- ^_vJL */^ ^ V* <JkjJ»5 L 0 

jl ^ j ^U^il ^ ^ tj^^wLSCj4 _oLj TJ^Li 

A * * * g lj 4JL*3i T * 4 j to J-^31 (J^Jj>to. Jj AJw tCL^^SCjj jj(_ 5^iLo ^1 


1 Resolving gel 

2 Sracking gel 

3 Ultrasonication 


X? 


^j^L_L 9 ^ (Oalc ol5Lj- & g^o jti (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLoJo 4 j ^j^I-L 9 t olo.-.o.^tj Jl>jlj^) l^jl jti jl y ^_L_^So ^ tUbd-alj^LL 4cLil ^ JJ-o I 4 jL> i^"jtXo ( jjl 4 j |C ^-o ^LmjO 

•JJ^ol ^oJujj Jo3^j^o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^Jju oL>liLsl ^ oljbJI ^ (^VfA) ^jljJ-OjJ-A ^ fl.too tjlaljx jl CoU^- ^li j* 3 ^ ^ 3 J 3 tj^Joj^-ol ^UbL3JJ& ^l_^J !■$-*-> 3 ^ 1 ^ 3 ! Jo Jj ^ol5" tlo Ic j L ^1 jl ojIaILwI 3 oJl-j (t*S"ljjl^ol) (jljjl Jjl^^U^I 



J ^J^"l J* ^L>tjl Jy^sl^ 4j yj j^J j>c>j y J^Sj j^JL> ^oL» YC (^Lo 

ji ^y^p\s>- < _ j j i^ijj (Jji .j-jo yc ^Lo t 

.J*s> ajl^IAS" SDS PAGE j^^-* j15s-o 

oJjji^jJ ^$L oL^S” J) *V— Y JjJ^>- 


CJiLp 


d->L-«5" jj 



NaH 2 P0 4 



NaCl 



j 1-Lw<>_) 1 

-W?* / * 0 


T * o*y 

A cyAP H 


:Cj^1>bjI cr J* <yr oJUi l jZ*>z^ 

Y * L) ^ 4J^ Ji»b ^ ^ > 4 3 jl j3 ^ 4^ d^wJlS" y^j j 1 -Pc^ A * 

bbj j v^ 4j ^ wlp) .J-Jo <ob jl ^3 4j>-j.i YY j2 4_fl^3^ j bb^bs 4j j .Aj ^ ^ Js? I j^i jl ^bJj ^5w> 


(C-^lo-bsl C~0 4 j j^ftJ 

. j-jo <^Sjj jj jS* (^jb- BL21 j BL21 ^y^S\j jl i-SjjAj 

j-j^jJLa r* * l 5 _jj 4 ji_Ju^^i^ rjij—i. 4 _j 4 _, ^ 


j csLa 4_j — Y 

:^)DNS 


l * OD jIj ^^ojU )l ^Ijj)j } ^ 4jl s^l (~b w»il i^SC-L w_JLx j 

l a OD (jl y— Zj L_j 2 ^_Jo ^_j j ~ ^2~a Y * * jl j__^s 4 > d* ^ a d. JjyS> ^j ^-b 


jj Owbl_ Sijs^- 4_iL^A * I_&4_ >y (J_)l y>- j**°y^jj _^°l _**o I _> 

jl t(J j "’^ (^£4 j^ o_) 4 ) (jwbL_Jo^p>- jl *_) DNS l_Ss i 

.J-joL^o rtjjjl jp.Job 


j 


-o 


Ij jl J-p^b 

jj I ojL*-3 Oj 

j ^j^5"lj ojjjb'L^-l Ji3 j j+4?>- 

L_j olSj j^ jS> jA L_j ( yLc ^jl __j jT* ^j-^a (J y-2& L_ 2) j )l jjJj>t^s (£jy* — T 


1 Sonication 

2 optical density 


rv 


(^j^L_L 9 ^ p»ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo^Jo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^l£ l^jl jl OjL—^ ^ ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL 4Lito^l^J_™_-_j d^Ljjl ^ Cwj I 4 jL jj jJ^o ( jjl 4 j jJ> 

•C^ol -Lioj ys olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^Jju oL>liLsl ^ olsL^JI ^ (^VfA) ^IjJ-o^J-A ^ o■ t^jLflJ^o jl OoL^^* ^^ils ^li 3 3 t ( t _5^ , j3-°l l£^ji 1^-*^ 3 ^j)lj^l*JjJj ^ol5" CoIcj L ^1 jl o^IaICoI ^ oJl-oi p>£>! j3 (JIjJI^D jjljjl OU^UsI 




^jl-bljbol —Y—V 


jl J^oLa j^jJj .5 jboO^l&b-ol jLj*o_) jjjl jl ^*jjjl C^wJt*-3 4_) oJ_Jo oAjl(^L&OD ^jj J_0 ^1 jJ 

) mg/ml j*/A mg/ml-*/? mg/ml- */Y mg/ml -*/Y mg/mlJ^lA ^JJj^> ^Ucij jjLIj 

j oJ-Jo OwbLAjJ>- 4 JL35 \ * j / oijjil DNS jUb<>->tJ>- jjl jJ V ^ojljbl Aj L^j I Aj j oJ-Jo A^j 
(_£aLIjco .wb^/ Excell jljil^jj Jj 2 ^oaLIjco L Jj 2 ^>- lS\j CbjA j OD <JJ*j!^ 3 jl Jj*_) 

unit (jLio Ij j^LIj jlj^ i.^as>- ^aLL*^ X j oJ-jo c-Sl jJ <._^Jj>- jlj^j y (y—nx+b) 

.JjS^^a A j 1 AJL35 jJs Ij ^jL>-I ^L&bl£ jl (J y*J ^Sws ^A\J AS” ^*-jjj1 jl ^£j\jjiA L Cb-wol jj |jj 

.5 ^Jo ^Jj bo 4 jL 3^ (J ^SLa 4 j w\j Ij aS" 4jL3^ A ^*&?>zA ^ jS" obJo ^v^L” ^bp ^il^ 

(.$ j^J oaliiJ jljj^ Metric conversion :JbU jAI jljil ^j j! UJb-I j JjXJ c^y) 


^jA^p JaA j*5i j^Jo—Y—V—^ 

iaS' C~»l jl I <j jlS' 

jjSCJLi l5Lj ^Ijb LB oJAT ^ c~i* l £U l 5 AS” jl l5A -\ 

.-LJo ^^lAS'L/ ^1 ^Sjjabo rv cj^pLo ^ ^ d^wbi 4 j j ^ALL ^yj] 

60 ^j^.LUlS' ^Ijb LB ix^o Y- ^ ^cjU jl ^jJJ^Y -Y 

^SL_Jo L ^1 ^SCjoLo 4s>-j5 rv j^jIj ^SLj: cj^pLoY ^ w\_Jo 

.-b^-oOD=l 4 j yia ^jlj 9"* * ^ y& (Jjl i^j^y Ij >bJo ^j\jS\a ^> ^A* rpm 
YY l j^j L j^jl J ^ j Ai I j»l y> l 5 L» ^ oliLp L IPTG cC JlS” Aj -r 

.wb^ ^ ^jliJ'L ^ YA O-bi Aj ^A* jj^ j ^1 ^^JoLo 

Cbwbj Aj ^1 ^bLo 4 j>-j^ Y r*** rpm jj^ a^JiS \s^s>za tCbpLo YA cb Jo AS” jl — Y 

. —bJ-> j j A/J 4j2_^3 ^ ^ C) 

pH A I_j jA ^yjJ^ 0wbA ^ j ^ ^S" lb>- 1^ JaA>-O - ^ ~J^ ^ 

.Jji Jj- (imidiazol j N Jj» ^ '-.Nad j N ij» V• * -Na2Hpo4 j N i i _ ? L^ 0*) ^jb- 

4jd$2 Y' j 4_3L^I J4j ^-L^w ^ ^ f*~ Ns .& Aj l_S bab ^ c^J 3 ^ 


va 


^j^L_L 9 ^ p» ale ol5L-.jag^j (gtlS") (^5^^ OU^iy olSoL jl ^AjIj OjLoJo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^l£ Cjjlj^) l^jl jl y ^_L_o-So O^L-«JL>j ^Ub4JL*>j ^ klibA-oLi^jljL d^Ljjl ^ Cwj 4^li ( jj_o I 4 jL i*S"jJbO ^jjl 4 j |C ^-J jILmjO 

.j1U>_jI olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^Jju oL>liLsl ^ obbJI ^ (^VfA) ^IjJ-o^J-A ^ o■ t^jLcJ^o jl OoL^^* ^^ils ^Ia j ^ZL£b^'j j ^ t^Joj^ol i^o_b c^b 3 ijy^ - J^l^" L ,jl jl o^blLwl ^ oJl>^> p^Jb! j3 (^S'ljjl^l) jjljjl 



. Ab o5 ^ j'y j - 2 

ISCo ©l$bj-o^ J^wQ 4.0 Lj T & ^IaS" t4_L>- ^ ^xSb ^-bo — v 

(Qiagene cSyJ> ( Ni-NTA Agarose ) J^SbJ jj^o jl o.>b; J I y-Sy y yyj y -A 

iA^-o^btjl y j Jj>-I y j^J? J (USA 

b*l .55^y o^b I ^o 2 -Jj>cj ^1 y Jaj I jJj ty y ! ^^b- > *—- J y* 0^^ IA^- j jyA^j+A-* 4 Jl35 Y * jl A*o 
iAJo ^b*ejl yj yj^Si 4j 4j j I ^J-^”l y 4b A-wb Jloj 5 jy (j y J-o ^jboo^bl 4 j jb j I jl ^J<^9 

^ ojlj_)l 4_ j) ^bfi-a <,_ j\ I_ j jl_ j j5 j AJo o^UI ^J^Los (i * * ^ J^ 0 y^°J A y+*i IAXjI 

4 j (Jl s^ 2 j I ^ib) jl j -o (jAjb^-oj (J^L_*j 4 ! ^1 ^_o J -A Jo o^b y -JJJ Jj (j y-^ ^Jb 


•jaa^ 4j Ni-NTA j y-^ 3 b jj I (J . A*-o o^b^b (j -o ^_>l Cs ) ^jJ^b« Y/&^»>ej>- 

(jl—«j ^jjoljil .CA3^b^l oaa b^J j>c-« ^^-oRotator cap bo Y" 

y^i ^y j -o 4 j i*_^w*b y y ^bjj_Jo^ y> AJA^-& lH ^2jI ^ AApIj 4_b- y A J 2 

! AJo ^bol yj y ^ 4j ^o2-uL>cj J^l 

.AJoo^b jy& A y-^ 3 jl ^ojjl ^ jr’-JJ ^^-b*^ CApbo 4_^o CA-JoAb jl -X*j —\ 

.5y^y 3 (JjJj>os 4-^j ^ oJjb 0 y J-° ^ yyjj* *b^>-^jjl 

(J^jl-\ ^<joI JLo ^ y* 3 y* o^bj-*-«ol ^-JJLww_Jo (J ^_b»c>j \ & jl 4_b- I — Y 

y* ^y[*J?\ yyJy cb y^^^ 3 ‘JJ-.pI-) j °^y (Jb^2jl y\j 4j JU^j 

j5 4 S” -A Jj o^bj-^l C1 -wjI (J^jl-A-^ool j*)!y i^y YC* ^ o-AJjb ^jb* - jl 4_L>“j^o 1 —V* 

. -A-Jo wLa I y>- j y^ 3 j I o ^ 02 -ub^j y I y*~ l ^—y~ y° l-^ J 


jju^ -Y-v-r 

(^J^ j I w\ ^oo I ^ LftoSogo < 9 -Aj>“ j ^lijo 4 j ^ pH- ^ L opl y^y oJ^Sj ^^JbJ jj I j-JLo 

J ^ C-^P bo ^ ^ dJ A^s 4j j-J L ^ 4-wv_b ^j-^ O^b jl y j I A*o 4b ^ I 4 j 4j AJo btj I 0 JJjb b*- y L) 

4_bJ^ T* oi^ 4 j j ^jb- 4_b jl 4jj-b magnetic Stirrer ^jj j pHV L ol yy yl 

. CAs j5 j I y 0 ^ lAj-o I 5j y y A*J I y ^ W 0 1 y I^J 0 AJo I A>- ^yj j 4JJJLS” j y^ y-> bo 


n 


^j^L_L 9 ^ pt ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo-Jo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^l£ Ojlj^) l^jl ^yCL^ jl OoL-^ ^ ^_L_^So O^I**^QPo ^UbdJL—>j ^ klibA-oLi^jljL tlfcool^-l...—p i d^Ljjl ^ Cwj I 4 jL jj jJ^o ( jjl 4 j |C ^-o ^0)0 

• Owjl -Li oj^-o olj^Lo y ^j^-ol^S ^jL-j y ^1 ^Jju Ol^^L^I y OlsLpJI y (^Y*fA) ^jljJ-o^J-A y 0 ■ t^jLflJ^o jl OoL^^* ^^iljS ^li J* 3 t_ 5 ^*^ 33 v 3 ‘lS^^ 3 ^j)lj 3 lOjJj ^jyyA^ ^ol5" Oj Ic j L ^1 jl O^lillLwl ^ oJ—^i (t*S"|jj|^j|) jjljjl Ol^^U^I 



y jl U jy CJaJlP —T—A 

^JLa^jI jjl j^J j>c>s c_SC_> jIjJL* ^^S”ojljJl ^1 y La^Jojj y-> jjo^L-o jl 

.2 ySi ^y o^LiL^jI Lh j ' <JjjJ *^L« jl yyjy cJiip lJ L>z^j ^\y .C~J 

Ij ^a»L «£ <^-jj ^wvj^yi/ w\j^o ^^)L-*jI^ lLwjI ^ L-^o ^i^l y {^yjj 

j ^^ ^ dw^l oJuSi y>- 1 JLa ^jlj j 4 j TP j jl jl.JJL« yz*-* j Cy^Jj* 

l^^Jj' Cy^Jjt j I j ^ jr*y^ 

t^j-vj y <. EDTA (.^yjy c^-a^Lo ^l-Aj^j Lj (J 1 2 ^"^^ ^w\_P t c£j^ i^yJJ ^ ‘^- i -^ mJ i^yjj j^l L^^j^ j^ 

l5\jj CIjJ_Jo LJ^ IjbJLi ^La^_ 9^*>s jLI ^ C^-o La Cj I j y^> j ^Lai, s 

^ jS ojljjl L Ja^>oJ LaC ^>-yS jl ^j'VL ^_oUL j j*&>- j^Jj>-^-A IwUj ^JCoIjil 

.(Bradford, 1976 )xS' l ^ IwLj J^-Ix 

j*jj*** 

aj 1 ^ jaai jl ^wJ^Lw« ^ j j^~~° * j* j * tT* cV* tT* ^ La ci Jgjp jIwULl^I ^1 ^ 

jl j^SCw« j* j^Ju>-^»A .^LJo 4_jLv^l ^j^-3^1 y < 9 T/j ^ 4^j ^jl^L^I ^La iJi,> \o Lp jl 


(JLa4ji 4^ * jl .wLJo ^j^-9^1 y < _9 y^a T/j jy j 

tSigmaplot jljil ^y jl o^Lj^oI L t.^LJo oJjl y- y& ^cSCwjI t^jlj j 
.JoS^ y^J ^ _ J A>- jJ^Ljj ^J^LwO ^ i^ww«j >-BSA yyjy C.«]gLp ^jIJjLl^oI 


4 j ^jj__>l (^j\ >~ < 4j_^ jl ^ * IwUjI ^ J j J l C-aJL*_ 9 jiS”ljj>- ^1 y 4Jw^j (^L«^ yyu I y 

JjJj^/ Js?IjLw«jjl yZ' 4j i«IjI y-y ^Lj A % 0^3^ Spdt jjLjlj ^j el^^_A 


C-4 J 4 4_) j^y CJj y£> 4_) ^1 jS” ?*- ee-e'-Te-TY-rv-YA- yy-^-y j5 j 

j_j J_^- t j JjLJi y>- 4_iii \ * j DiVS j^ r* * ji f aJU >I jl Jjij j <ai^ jlji <uJi e 

4 w« La).a^l s/ jl ^3 SigmaPlot jljil^Ja^w^j ^cjLL j oJJl^a’*- LaaJ 

(.A^sis jj jj ^UcjI jl 


1 Bradford 

2 Lowry 


(^j^L_L 9 ^ p»ale olSLL ft gj4 (gtlS") (^5^^ oUMJal olSoL jl OjLo^Jo 4 j iCjl.Q.-.o.^tj Cjjlj^) l^jl ^yCL^ jl CLjL^ ^ ^_L_^So ^Ub4JL^>j ^ .Ub^lj^jLL 41_Ao^l^j_™_-_j d^LJjl 2 I 4jL jj i^"jA^ ( jjl 4 j | C ^-o jILmjO 

.C^ol -Loj p-o oIj^jLo j j^ol^3 jj L-j ^ ^jl ^Jju oL>^Lsl ^ CjLsLpJI ^ (^VYA) ^ fc^jLa-L^a-o fc^jlflj^o jl OoL^^* ^^ils ^li j* 3 jj ^ t^^jj^ol ^-*4 3 |J 3 ^> l _j^l5" dlol^j L ^1 jl o^lalLwl ^ 0 jLj p^Jtl j3 (^-IjJI^I) jjljjl djl^^Ual 



4jL$^ 0^3 4j j ^l&lo J^ I ^JjljjU — Y— A— Y 

j 4_j3^ jlj_S ^1 ^ ^Lo ^*-66-6*-Y6-Y* ^gb&lo j! yJj^ Y* jjJaio ^jju 

4 ) j w\ Jo 4_9 l^> I I ^JwvJ (j I 4 j j o wLj ^ ^S” ^-j L>- 0 J-J« ^ Ij ^ La Lj .2 4_o^& j I 4 j ^oj lSo j L5\j 4jL^3 ^ 

J DNS 4^1 v£?l jl J *_) a!w\S" jJ*> i^J^y < -> Jj>- J wLJo o^l.S jl ^3 4_J^j Jj2j I j .Jo j.2 j.2 4 JL 3 .S & (JlJwUi 


^SigmaPlot jj Ja^> 4 _Lv^L>- ^L&o 


.Oi/jly 


( j^aJb»- ^*j jjl 0*4 bi y£\S>- (_gl<U~£> pH j^wju — Y 


.V Li V ^jL&pH ^Ij—> oLLJi 


yl 4_^w jl ft- ! j- ) l C-wJLsti ^l^j <c^j pH jijjld***o<u ^I^j 


y_ J—; .J_ooiliiwol ^ * l; *\ ^l&pH ^I^j Glycin-NaOH y L j U' ? ^L&pH ^1^ oLLi yl 

jl j 'jlSj 3 A * 4j ^ Jwjw^cj>-L^« oCCo ^S”S ^ilj jl ^l*tS” ocit spelt jjWj ^ j 5"c^J° ^ O 

j J_*i ^jjIJlJU- ilj-J^L*. <o>-jJ YY <uJ:> 6 oJw <j j J_o<tiLj>l jjI yJ jjSwi T• jl 

I_gjI yjj _ 1 ^_ j *t_tjjjl_ y>- ^ lyt^ _S”lj y>^>- ‘L^'lDNS yA^ Y** * j ^^ ^GLo^l jl Jo*j 

.Co ^ y J j*. SigmaPlot ^Ijil ^y y 4 _L^? \s>~ ^y Id .dd ojjl^^>- 

C.JUo y CjU-S" Ji y I —\ *—Y 


ji ji _< j j-J^Oo tj^Al icJLS" ij>jjjjj t^jL tjv^4S' ijjjb y\ 

ys ^ ~S1 ^^ o^^1 4 j^ Ij^ ^>"y s ^ Lao^ajj^S'jL^ ^ y A ^ ^ j 4 ■J^Lp 

P ,MSF j EDTA 9 4 ^Jj_LI y j-y (_^^tY * j_J 4 A * j_j 4 olil j ^ ( J^ ^ -t ^ 4 olii y* 

i}jj —«wAS” 4 J— y ys 4 4 jlj 5 CA—n 4 J^jIjI 4 j^> c_^_a ^11 


ir 


1 Triton X-100 

2 ammonium peroxydisulfate 

3 sodium dodecyl sulfate (SDS) 

4 tween 80 

5 Dithiothreitol(DTT) 

6 Ethylenediaminetetraacetic acid 

7 phenylmethylsulfonyl fluoride 

8 Methanol 

9 Ethanol 

10 cyclohexane 

11 Butanol 

12 Dimethylformamide 

13 Glycerol 




(^j^L_L 9 ^ p» ale (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLo^Jo 4j ^j^I-L 9 ^Ol.Q.-.Q.^tj 4|0^1c Ojlj^) l^jl y jl ^ ^_L_^So O jl. .<o?u ^Ub4JL*>j ^ iUba.olj^jLL a^Ljjl ^ C-j d^lijj-ol *AjL ^jjl 4 j | ^_^J 

.tJlwjl -E oj olj^Lo j jj-ol^ii y L-j ^ ^jl ty*Sjtj 4l)L>jLsl ^ CjIsLpJI ^ (IVfA) ^jl.Xt-o^JJb ^ t^jl 0 * i^jLcJ^o jl Oola^* 3 l _ 5 -i~tt>3jj. 3 tj^^oj^-ol *^0-1^ t^£^y 3 31Oo^4j ^ol 5 " Co Ic j L ^1 jl o^IaILoo! ^ oJoji (t*S"l4Xjl^ol) (jljjl Chl^jU^I 



y. /• j/-^ * JjJ^lp 4 4 4 ^JJ^J 

A* J J ^ j^ J^ f 1 ^ 1 ^ J^ ^Lfc^ijSlJ ^y 5 ^) jly 

(.jj^ jj jj ^L>tjl Ij j-wu ^ 7 S' l 5 L* & ^ yL j^y 3 

(jjjIS^ ^.u) jj^/s>- jz ^jtJjL J c^Jl*i L j**>jji — Y —\ \ 

c—£_ Li>c^j ^U<. j.« L?Ip j^^JUj I ^jIw\jL ^o ^ ^ijS"I^ ^jIw\JLl>jI Jj2jI j*5j ^j^jI jj^JL*_3 

j oJ_ Jj4_ 13 j—^ (_$ _^j y ^jy° (jL>l ^Lo ci^pL-*j YY jj-ta 4 j ^ j)jy& & Ij (Jj J^S 

.^Lo y^j j y y Ja ^>jj IajI^^o-> ^ ^cj lij 


O o^ 


Ojjl oXJ^Oj^JU^ JJ)*^>- ji ~ ^ ^ 

jj ^JJ * ^j-^ 4-> 4_) 4j>-JJ L j oj^l <>—fi-Ljs-oJ j-OULa J y^>- ^*jjjl 4jJwJL*_3 

.^Lo/ j ^*&a SigmaPlot jlyl ^ j* Ja ^*>^cj Lo ^ jj»3 ^ jly 

_a4_^j*S" Ja^>c-4 ^ La4 jjL-*S"^ La^J^ 1 ^jl 4 0 ^Lai <-ol ^1 ^a ^ dj\y^>^-> 

.C-^-oloJ-Jo o^jjl Jl~-o^-o 


fi/^uij -y-w 


jo o^Lsi—«ol .y1^S" j—o-^lj O^z/” spelt xylan ^1 i^Sjj jy i^^jy jj^ 3 ^ 3 ^ 

ijjw^ol jjj Oj4_) j o-^Lol y 3 


jlS” 4 _j SDS \j j (JjjIJIjIjIS' jA — Y L)LaoXiS'L^I 4^oJjjl laip- ^1 jj ^yjj 


u-d 1 


L> 


SDS-PAGE L> 


-d jj. 


^jj <j J6 Jj-^>\ 


^L^Jl o_f>- ailiL_J Oat spelt xylan c jjL=- i_jI jl tcr JL^- « jI ,jL^r *'—; *5 Ojlij 

<Jj lj 4 —j .j—ji jj—>jj j tJj 0^-j^—Ji y>- Oj^- 1 t^*- 1 4j^^j j ^ Ijjol ^ j^j I j 

*\ • j j J—jjj-ij jjSCJI ^UjI jUj .Jb j ijJ AG jUj L 0<3? spelt xylan <jjj^ Native-PAGE 


1 Chloroform 

2 acetonitrile 

3 isopropanol 


tr 


^j^L_L 9 ^ p» ale jb (gtlS") Ol^GU^I oI^jL jl OX^Cil^l^ ^4jlj OjLo_Jj 4j ^j^I-L 9 ^ ol.O.-.O.^tj Jl>jlj^) l^jl jb J^lj^ljjJj jl JJoL-s y OGh^Ub4JL*>j ^ iUbd.oljj^LL 4 Lis o J l^J i- ; d^Liil ^ JJwo 4^li ( jj_ol 4 jL ^jjl 4 j |C ^-Q ^LmjO 

•JJwjI ^iJuG oj cAjjSlo j J^-ol^3 ji L—j ^ J^l ^£Xju ol^Gl-*^l y Olsl^tJI y (^VfA) Jjljj-Ojjja ^ *Jjlo■ ‘S3*) iJjlaljx jl CoU^- Jj^jU AjL jj j LS JJ fl- gjj ^ t^Joj^ol ^U&L3JJa i£^ji 1^-*^ 3 Jjlj^lbjJo C-ol^j L J^l jl ojLflJ-^->l ^ oJl-G p^itl j3 (Jljjl^l) J)IjoI Jol^^U^I 



\ & CjJ a 4j t Jh&A< J I b (Jj ^^*JJJ^*wJo jl J ^jL>- l^sjLj jl Ij (Jj ^aa wLaI jJ>- 

J oJ_Jo jlj_Sb) jl_) 4_^o jlS' ^jJ I J-Joo^l^ jl j3 4_jb>0 jj^i pH V b Cj1j2-wm-3 CjI 4jLJo 

1_) i, _ ^1 l ^JJJw>Jo jl J J£jw* 4_fl^3^ V* <JJ-> 4_) 4 j>-j,2 YV j b jSol 4_) jb Lu L^j 

j—>- 4 ! ^Jjb-«j1 _ >-\jA ^L»u).w\ Jo J j'l y&\ L_$b<>_) Ja^o ^ OwLO ^ y J^A \ t^SL} J \1>S j& Jh 

(.c-3^b>cjl 4jL>-^^ jLL 

oJ_«o4 b_A i»_^wJaS" Ja^>c-4 ^ La ^3b tiJljb^S"^ LaJ ^1 ^j| to^bjJ J ^a ^1 ^a ^ (JJ^I^a^>cj 

.C^oloJ-Jo O^jjl CJ~-o^O 


XX 


^j^L_L 9 ^ ,oalc ol5Lw- & g jj (gtlS") ^jl^jl Ol^^Uffl olSoL jl OjLo^Jo 4j iOI.Q.. q.?o *—’jlj^) l^jl jl OjL—^ ^ ^J_»_^£j 0^1 - ^ tUbd.olj^ljL A^LajI ^ Cwj I 4jb ^jjl 4 j |C ~o ^LmjO 

.c^ol J gjjjjq *Zj\jj£lq j ^jj-ol^ii ^jL-j ^ ^1 ^jju ^ ol°bJ1 ^ (^VYA) ^1 j o■ ‘A*) t^jlflJ^o jl OoLo^*- ^^ils 4 jL ji j 3 ‘(^5^33^^ ‘ls^^ ^Ial3jj& 3 ^Ij^IojJj ^ol5" c^jlcj L ^1 jl o^Ia!LmjJ ^ oJlw (^S'IjjI^I) (jljjl 





^ jOaic ol5Lw- & g^ (gtlS") ijl^l Ol^^Uffl ol5ob jl jlj OjLo^Jo 4 j fcOl.Q,. Q.?cj tjO^lc l^jl jl ^ ^.LyaSo 0*^1 - ,n ^*cj' ^UbdJL-jj ^ klft4_ob^jbb tUbo^l^J-JLa i 4^l_Jj1 ^ Cwj 4^b^o I 4jb ^ ( jjl 4 j |C ~o 

•C-^-ol J gjjjjq *Zj\jj£lq j ^-ol^3 j> L-j ^ ^1 ^jju ^ ol°bJ1 ^ (^VYA) ^jljj-ojj-A y t^jio■ ‘Si* i^jliJ^ jl OjLo^>- 05 ili djb jj ^ j 3 ^al5" c^jlcj L ^jl jl o^L p.‘< ..tl ^ oJlw (^S'IjjI^I) ^I^jI 



GH11 (xylanase) oj j -\-T 

C^-JLS ”jj j jlpl jl o^l ^i > j jlj*$-J-> J ^ > Oj j-^xSsj 

/. */^ jjLSj Jj {Sjj l$j\ —*-° —>■ jl ^j J^-3 jljjtaIjjJjl Oj jjL j j_j z aUJ 


^1 J_J ©I SO L>- 1 &/jUI ^^>“1^»IS0 a 





J j J- 5 Oi* Jg-^O OwL^o ^jt^ jLo Jji sjIj jl_ys A^lfol ji EcoRl j Sail 


(Y—Y“ j Y—Y“ Jis-i) .jJiL^ jt-jjjl jj olSJL>- ^IjIj 


jUbLij oj 

1266 bp 



2000 bp 
1500 bp 
1000 bp 


GH11 (xylanase) jj j^SS -T JSji 


jli^Ajlj jj (Y t_S\j&L>- DNA j U 0 ^_S1aL>- 


oj 

1266 bp 



1500 bp 
1000 bp 


GH11 (xylanase) jj jjU^U- :Y -T J&i 


jU%lj jj (Y DNA/> 0 


^**^>*>1 —Y—Y* 

^LaJ_jL lC_.S’ 1_ i j_^j*Aj ^ _^l j pET-28a _ab*- _>- (S °jb jj-_JLS” jl u^ 1 

(r-Y" JS^ ).JJi^jjj j jj jij J^>ji /. * /"\ jjl^I Jj tjjj jj J-^U- 




_is 3 i^^ic ol5LiJ!) 


3jj ^olc oboL jl (Y Y*^©/^/P ^>jb' 3/Y ‘YA'YY'Y 0 jL&-Jj 4 j *ol g .- j -' ^ O ^3!^ *-jjlj3) l^jl j.s ^I^IajJj ^33i>* jl jjoL^ 3 ^gJ_-_o 5 u ojl—■ a^u ^lAdJL*>j 3 il&dxU^Llj _> dcLJ 3 o—> <^oli l 

jjlj^Lo 3 jjj_»jl^3 ^jL-j 3 jjl ^Jju jjL?-^Lal 3 olsbJI 3 (YY”fA) ^jliXLoj^fii 3 t^jLaJ^o jl jloLo^- AjL Ji 3 3 i t5 joj3^l ^Ifti-SJA (_5l_^j L^jj 3 J^ls" jjolftj L ,jl jl o^Lajj*il 3 0 


j-o I djL 1 -_S" jA-o ^jj| dj l t _^i Ji 
j-i> („aI^s (^IjjI^jI) ^I^jI jjlcjUol 










1 


2 


3 



PET-28a £_l:r-r JSLi 

PET-28a (r j Y u£aU- £WA/> 0 u£aU- 


pET- 28 a j PCR J yas>^ ^ Ju> —T—X 

\z y l tjl Q y*tJ& ^^ s^A 2jyo 0 I 4j J j - ^A ( yjJJ ^j-J I 

.J_jioj_o bp j oJ^i ^lg>- ^lij ij y> J^oU- ( ji^Slj jSjp Sail j EcoRl 

(^1 j j j -A ^ jl_ys Geneall 2 j y L ^J»aL>- ^~a ^ j ^4_*_la3 ^»a 

) .C-3 4 JL 3 .S V* OJlc 4j j ^ i^5 (jUJI • w ^ w ^~‘’ °^bol (_jL>JI 

1 2 3 (T-rjSGi 



pET-2Sa(5365 bp) 

Aj€$3 jt Jju 


jU-JLJj 

1266 bp 


-U»j“A; j j j 4ju jp ^«jjjl ^ .,^a a> :Y—Y* 


jU*>Uj Oj (X j PET-28a JL*j% (Y u£aU DAA/> 0 u£aU- 


f? 


_is 3 i^^ic 0IXJ2A 


3jj (^tl 5 ") ^jl^jl oboL jl (\^Jjta" 3/^ OjLa-Jj dj j^j^LaS iOljUAPcj tjO^ic l^jl jl OjL*-*p 3 ^gJ---o 5 u O >l--p Pu ^£b&dJL*>j 3 lUbdxU^Llj fclAool^-L-jL*j d^Lijl 3 O—j d^oli^j^o 

olj^Lo 3 jj-kJl^S ^jL-j 3 jjl ^Jju oL?-^Lal 3 olsbJI 3 (^VYA) ^jl J2_oj2Jb 3 t^jLaJ^o jl C*jIo^- ^jyls dj|j y 3 3 i ( j2jj3»l ,_glfti_ 9 JL<b (_^ll^Jj 3 y^is>- J^lS" Cy\c-j L ,jl jl o^laluil 3 oJuii 


I djlj1 k_S"jA-0 ^jjj| dj lg -<~) 

(^bl^s (^i”ljjljjl) ^IjjI olc^Jol 








oiliL. 


1_(^1_PtJI 4_L *-yt j| tj i 


ls^ yy _ 'f-v* 

:Colony PCR j quick check Jij j Ja ^.y 
J j - „a j y DH5a J^xs ^a j£\a 4j y jl ^>- lS' j 

jl y J 1 4 olj j jIs^a 4j .J Ji 0^1.3 j^wvoLoljlS" L_SCo I jlS* I LB C-^Ij iSjJ ji 

(MT j 6-T jSCi) ,J_o^ Jj ojj j J_o^ sili^l Quick check j PCR 


1 2 3 4 5 6 7 



Quick check Jijj ^ :6-f JiLi 


■ _ jj y k^&b>- 


l jU c# JiS' (V J 1‘ y ^La^^aU>— <J jzS y*j 0 


1 2 



ij> Xol; 4 j Colony PCR : 9-T JiCi 
DNA/> (T uS^L- - jU%lj jj 0 


fY 


_ 13 3 jo^ic ol 5 LLfl> 


i^jj ^jl^jl ^olc cjL^Ual oboL jl Q X^&I^19 ^>jh 3/^ ojLo-io dj ^j^L -9 kOUujLtj tjo^lc cjjlj^) l^jl jl woL*^ 3 ^_L_o-SLj oyl--a pu ^hbdJLoj 3 tl&d^U^jljb ^clLl 3 o—> (Coli^j-o 

CjljyLo 3 jj^ol^S jjLw 3 ,jl CjIp-^L«I 3 OlibJI 3 QYYA) ^jliXLoj^fii 3 t^jllLC^i/a t^jlflJ^o jl CloLo^- djlj y 3 ^yZJbjy 3 i ( ^*!oj3,ol ,_£lfti_ 9 JJ& (_£l_jJ l^-ii 3 jjl^ljaJo QolS" L ,jl jl o^lol^il 3 oJuii 


I djlj y k_S"j^-o ^jj| dj lC -<~) 

(^il(^I jjI^jI) ^IjjI cjlcMLI 





J 2 _OJ y 


jj) ,+ & J J-wO J2 m) l^J J-u 1 j — & — T 

^yJ j—i Jj2_wO d-U L^J OwLJo ^y> 3 Jj2^-o oJ^Si wLu Ij ,-L»«jj\j 

(A—V Jixd. j V—V J 5 Cd ).C- 3 ^S*jl ^3 JLut ^jy* Sail j EcoRl yy\ 


Jy pET-28a JiU 
jlS^Llj oj 63 ^ 



Cw*lj jl -doj*^\j ^\j£c**t\ :V-Y' 

jj ^^L>- t w^S" ( Jw*L>- (^ '-Ss_&L^- c (t^wd "y y j -*■£• l^>—) y 3 ^-* J0* j ^ ^La i»5CaL>- 


p€T-2**(M 


1264 bp JU^gij UJ 



oJdidLwo-A jj j>" j Sail j EcoRl jjl ^ jjl ^ iA—Y* 

DNA/> (Y d^L>- -PET- 28a j jlijUj jj 0 l£aI>- 



wU>sj*)\j c^^S" jj y JUfc jl J»*j ^jL-*)4jL-woJ^ wUjIj j ^jLo Ol-’j^ 5 ^ y y ( J^jL>- (J^LjI 

Ai> jl_) f^£j\ _wo 4_il_,^gJk wLj lj J4j j d-^Li (jLiol BL21 JjtdwM-o (^£4 j 4j oJdo 

. j-Jj aUoI Lo ljLS^ ^jL>- j jlS"! LB 0 ^jS” j-dj ^y\j^y2S jl AwojjL 


f A 


^j^L_L 9 ^ (OjJf. olS L S jt jjj (^^5") ^jl^jl Ol^^Uol ol5oL jl ^cjjlj 3 /^ OjLo—ij dj tOlo^jL > j tjjjlj^) l^jl jjj^AJ*’ jl OjL^? y O^L-a^y ^£l&dJL*>j ^ tl&d^lj^jljb fclifcool^_LjL*j dcLijl y CaaJ d^olijj^o I djL jj uS'jJyO ^jj| dj 

.u^wjI oljjA-o ^ L-j ^ ^1 ^iXju ol>*^L^I ^ olsbJI ^ (^V'fA) ^Ij-Lq^a ^ t^lfl^^.0 t^LaJ^o jl cioL^^* 4 jL j> ^ ^ t^Joj^ol ^U&t—sjjb ^1 y L^-o ^ qIj^IjjJj ^^^15* c-jIc^ L ^1 jl o^Ia!Lm»I ^ o( l^IjjIjjI) ^jl_^l ^Ic^U^I 







oUJUa^j -fi-T 

BLAST jljj jl o^LL^ol L ^Jl jj .c.«**> 1 jL \ Y9'9' <_£jL>- 4_*JU2>j 3jj^s ^1 y 

L L d3 ^ la; j a ^Jlj > BLAST .0*3^5"jlj3 ^**>j y NCBI ^OjI clSCL 

J_s^j3 /?T 4 j l_$-o 3 jj j J-Jvo^b ^jy~y° (^£oJ~S> ^yLoLO ^jl-SCojj jl -Oji 

(^-T JSLi) .^bjLU jl 4^ o-^Lj 


4— j Ij j_SCo ^Lo> 4—j jj—L*_io —&^jjjl I— j Ij 3 j_>- j*jjjl jj t^jjjL^ o^>-j3 jt-^j 


L 


0 * —T ^j5L*>) ^*-0-M-Cgs. 7 jljil^^ aL**>j 
j ^L^ jl^-Lo <S c^r Raptor x jljil^*^ Ja^y G//77 endoxylanase ^y\ ^jL-Jo> 

0 ^-r jo) .cj/ ^Uoi jl jl^i L5 SoJi:is' ^Uoi^u- 


Query seq. 
Specific hits 
Superf anilies 


Putative conserved domains have been detected, click on the image below for detailed results. 

75 150 225 300 



CBM_4_9 

Glyco_hydro_ll superfamily 

CBM_4_9 superfamily 


Distribution of 110 Blast Hits on the Query Sequence & 
Mouse-over to show defline and scores, click to show alignments 



Sequences producing significant alignments: 

Select: M Mane Selected 0 


•j AJignmenls 







O 


Description 

Max 

Total 

Query 

E 

value 

Idenl 

Accession 











703 

703 

99% 

0.0 

80% 


□ t'YPQlhetic» protein RF0Q7C i 


696 

696 

100% 

0.0 

78% 

EWM54993.1 










533 

533 

99% 

0.0 

62% 



. .. - 

516 

516 

98% 

6e-176 

59% 

mir- ntuonn, 1 



' 


jU%lj jj ^Jl jS ^jLJJjjj BLAST :S —T 


V\ 


_ 13 j (Ojlc olX^JO 


i^jj (giS) oboL jl jb* ^l\ 0jLo-io 4 j (^j^L- 9 *ol g .. j - > u tjo^ic clijlj^) l^jl jl c ^ lJ _L*5b o>1 .-.^pu ^ *liod_olj^LL -> AcLijl ^ o—> 

Cj\jjSLo j ji Lj ^ ^1 f^gJj u Ol>*^L^I ^ Obb-JI y (^V'fA) ^jlj-Loj-Lft> y ijjLaJ_^a-o tl jLflJy> jl AjL jJ ^ J c^Joj^-ol i^o-l^ ^LiOt—dJJb (_^I_^J l^-U 3 ^jlj^ldjfclj JolT C^jIcj L ^1 jl 0 ^Ij 2 ILm)I ^ oAm) 


1 djb jj S jAx ^jj| dj ^a.J 

(0*1 ^3 (^IjJI^jI) ^Ijjl Olc^Jol 
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"TffiL 


XYND RUMFL RecName: Full Xylanase/beta-glucanase Includes 
xylanase Rumlnococcus flavefaciens 
XynB Ruminococcus flavefaciens 17 
0 xylanase 18 

glycoside hydrolase Ruminococcus flavefaciens 
endo-xylanase Clostridium stercorarium 
endo-14-beta-xylanase A Clostridium stercorarium 
xylanase 1 Ruminococcus sp. 

glycoside hydrolase family protein Ruminococcus flavefaciens( 
endoxylanase Ruminococcus flavefaciens 
14-beta-xylanase Herbinix sp. SD1D 
bifunctional xylanase/deacetylase Clostridium sp. CAG:62 
glycoside hydrolase family 11 Ruminococcus flavefaciens 
glycoside hydrolase Clostridium papyrosolvens 
glycoside hydrolase Clostridium sp. BNL1100 
glycoside hydrolase Clostridium cellulolyticum 
endo-14-beta-xylanase Ruminococcus albus 
Endo-14-beta-xylanase A Herbinix hemicellulosilytica 
glycoside hydrolase family protein Ruminococcus flavefaciens 
14-beta-xylanase Ruminococcus albus 
XynA Ruminococcus albus 7 DSM 20455 
endo-14-beta-xylanase Ruminococcus albus(2) 


y jl L yJh ^jI eJjtf jU^talj jjl — X 

7 Megajljil 



Raptor x y GH11 endoxylanase (jjL-J-U \ -f JSLi 


SDS-PAGE 


jU%lj jjl c 5jL* ( _ r aJU- 

j) I y jjbLww 


J A Jy] ojl Jj! tl)^ ^^ .w jlw jl j3 0T 9" Aj ^ jj J y Jj L .C-3 


Or-r jsCi j u-r jsa, ).ij ^ ij jz 




_ 13 3 (O^ic ol5Li-a 


3 jj (giS) oboL jl ^>jb' 3 /I4j (^j^L- 9 iOlfuil?o I^jI j^ ^I^IajJj jl 3 ^_L_obL) 3 tl&dxli^ljL dcLijl 3 o—> 

byiya Cj\jjsm 3 ^L> 3 ,jl oL?-^Lal 3 3 0 XT A) 3 jl OjLo->- ajL y 3 ^yzjajy 3 (_ 5 l_^j 3 ^ 33 ^?- J^lS” £*Ac-j L ,jl jl 3 ojuii 


I djb y k_S"jA-o ^jj| dj 

(^A>l j3 (^i”ljjljjl) ^Ijjl CjIcMJoI 
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3 



oJ_i yy\ SDS-PAGE Y-f JiLi 


^ Li (Y* 0-iw- J^«iLp J (Y - £ 0 



J (*'ij—’ 


O 1 

c._JL*j 


aj jji c-JUi ^ — A—r 

j 1 tl)l O' Jl*s %y:j ^ ^jy ^ ^y jy % Obj jl ^-*- j 

__> Jb Jjl^j aX*&[s>- J ^S” j!ji ( _ r L>L>jl ij j>j oaf spelt xylan 

0 Y—Y* JSwi) ,J»o £ oJj^LOa l_Soj c ~ -0>L j^>r ^S" jo^oljl 


A'I 


_is 3 i^^ic ol5LOfl> 


3^j ^jl^jl ob^Uel oboL jl (\^>jb' 3/^ 4 j lObuJL^o ^3_b l^jl ^ ^I^IajJj jl OoL^ 3 ^gJ_-_o 5 u o jb.,2 pu 3 il&dxU^Llj fcl&ool^-L-0_> dclOl 3 oo> 

olj^Lo 3 jjj_»jl^3 ^jL-j 3 jjl ^-Sju 0>Ip-^L«I 3 olsbJI 3 (^YYA) ^jl 3 t^jLiJ^o jl Oola^- ^j^ls duL y 3 ^yZJbjy 3 j3_oI i LS ^>ic ^Ifti-SJA (_gl^j 3 |jlj^ljkjJj ^3 sis>- J^lS" Oolftj L ,jl jl o.ilaO*>l 3 oJui> 


I djlj1 k-S" jA-o ^jj| dj lC -<~) 

(^il^s (^IjjI^jI) ^IjjI olc^Jol 






o jJl — T .(>. y y ^j ^1j) cJ c5 ^~^ ^yo~> ) ^j\** 


jjIjIj jl U ^jil c-wJL*-s j ji — X* 

^ y 4 (J ^-L? aS* wUS" .iljl fi-b^S^lA^-l ~ll3 ^ y^~ <y ,\^wwj ^-*» ^£4jj >zj L jlJ*)b>lj ^-jjjl aS* 1>cj I jl 

jl Unit <*_* w«j>“ ^_j ^jj_)l c^-Jlx^ 4j oJ_jj oJbl jj>- OD j-o ^1 jj jj_>ljjlb »^jl^ lSjj- 3 1 ^jIj 

^Ijl 4_S* c^^»I ^ojjjl jIjJL* *ilj ^jjjl Unit l_5\j .wLo^S" o^Lcl-oI j^Jjlj ^jlJjlbwol ^ys> 


J>- jlj_iLa jl 6 ^Ij 2I_w*»l I_J jl ^y _o-! y _>1 .5 


4_iL3^ l5sj ji oJjJ^"U>-l JJ.3 (J j^oj j^-y* 0*bJo 


.»bJo Excell j! jjl^ jj lS^qS L yio ^jlj DT * ^ y& <J y^ j ^Jj I j <. <LLx>e>j L& o. * lg Ip 


xylose concentration(mg/ml) 






y = 

4.1149X- 0.4956 

R 2 = 0.998 
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

1^ .5 I «Aj Lw-»*» I ^ Ci -■*» 


&r 


_LS 3 i^jlc ol5LjLa 


3jj (gtiS”) i_s-*-^ e oLc^Uol oISjL jl (\3/^ 0jl*-i <*j iOlaJLpej' t^^ic •—*jlj3) l^il j^ ^Ij^IjjJj jl ojL^a 3 Cj^aiwH ^IacJLjj 3 .LadLaU^LL tlaoiil^LcLo dcLil 3 c--j’ *Loli ( 

byys Cj\jjSLo 3 jjj^ol^ y Lj 3 ^1 ^Jju Ol>*^L^I 3 OlsLp’JI 3 (^VYA) ^jlj 4 -Oj 4 a 3 ijjLaJ_^o ^LflJyj jl cloLa^* djL y 3 3 j?" 0 ' ‘lS" 0 ^ (^la*—3 jjlj31 JljAj ^33^?- JolT C-oLcj L ^1 jl 0>^LfiILM)l 3 0 


j-o I do L) jj S jAx ^jj| dj l "gA*> jILmO 
j-i> („al(^I jjI^jI) ^I^jI olc^Uol 




AJw^j ^lo ^ * — Y* 


^v£?L>- jJb ^jj I ^jLj L&^j^jI jj\ jJ-Jioljl ^-^T J-* 

^jj jJLoS” jJL^P Aj l_S^O^j J ^ULo ji La-j^I s-^. • J -* :i L ^ i 0L*ij L> ^_p- c~JUi jiS'lJ^ Lo jl 

j!LSL~*j .22^> y>\ ^ jj Lo ^J*jl^jl L L« y&S' ^ jLJbj 2^s>- j\ L> c^Jl*-9 

C^Jl*-3 ^jj I ^jLj .2 j-^ L&^j^j! jLgJL>“L»o 0^*-wtflj_jjLo y*j J_>- jl l&^jjjl C^-Jl*-3 0 -LJo 

- °MC- °S*C -°TGC- °TYC-°T*C-°rVC- °YAC- 0 YYC- 0 ^C-°Y C ^Ulo ^ ^1 

(\9—T jSw) .OJlf Al^j ^lo jlJ^P Aj °YYC ^lo j ci J^J\j3 J' 2jy> °? , 'C 



cJUi ^jj ^ lo yl :^—Y* 


aJLs^ \j 6 ^IajUj ^ ^l&lo ^aJL>- *jjj) ^jl — ^ ^ 


LrdJ 


JllA.3 


lL-wO jl ^ ^^2^3_y ^^ o Lx>jcj>— l_»wo ^L&Lo j2 L&^*jjjl 

j2 ^»Jaj .sL>cjI J W x> ^— ^ ^ —>-— 1 Lu c£j j-*! ^y^lj-^l 


<.— J? ^LaAj^o jl c^JLww. 

A-i_» ) I ^ wL) ^ 0 wb»j> . .1 . V . -. & j |^J ^ */•< ^ L ^1^1 ^Cj 0 wL^5* A^ 

^jj_)l l_O ^jlj_J L> ^ j tJ j J l jAJo (Jl_*_3 jS* j jj^j ^jjl jj>- ^A_>^j>tj <Lj ^>cj^J 




_LS j |Ojlc ol5LiJ!) 


i^jj oboL jl 3 /^ OjLo-Jj dj (^j^L- 9 tOl&-JL?u b|a^lc Ojlj^) l^jl jl C :L—^ ^ LS iy»5b O > 1 --.^ Pu ^l&dJL*>j ^ *lAd_olj^LL 4£l_Jj| ^ O—j d^lj^j-o 

S&^jjA Cj\jjSLo j jjj^jl^S ^jL-j ^ ^1 ^Jju Ol>*^L^I ^ Obb-JI ^ (^V'fA) ^jlj-Loj-Lft> ^ ijjLaJ_^a-o tl jLflJy> jl cloLa^* 4 jL jJ ^ ( _ s -iJ 63 jJ 3 c^^oj^-ol s^g-o-l^ ^LftL-SJJb (^l^j L^J ^ ^Ij^ljaJj JolT C-olcj L ^1 jl O^IaILm)! ^ oAm) 


I 4jlj Jj k_S"jA-0 ^jj| dj l t -^l 

(^A>l^3 (^i”ljjljjl) ^Ijjl Olc^Jol 




4_JLi.s ^ *-A*-V ** -£) *-T * -V'ft-V'*-Y6-Y *-^ 6-^ * -£) ^La jLo j j5 j ^LaIoj^ 


(w-r jSsj>).. 





^y aJb>- jjI ^1 jj pH /^wsaj —^ Y-f 

iC-wwo! jJJ jj jJs? JL>- jl ja\ ^jjl *S 55/^y ^<>jjjl ^wj*j '*—pH CjI j-^y- 3 4j J^ 

j_o _j y j—> I ^ ll ^y lJ y° l) '-^-* j lJ j ^p LJ-3 Ij ^ ^ «x*_^ I ^ UpH . i—&i I 

yy~* Ijlwwj y*> jwLJooj*ujlj^>s y ^jl y ^As'\j5 pH iJLI j^y- 3 ^ .55y ^y ^jjjl y I wlj yj yyy 5 

^jjjl (JLx3 o15CjL>- ^*5s jl j5 <*S 4jww«l _*-*>! (j y. .^Ij^j y l£jj y pH l^I yy^ • ^ .C-wjI 

j5 LjlJ ^y^ IjL-mj y» j ^jjjl y l)^ 0 ^ l *— y y*^ 0 J yy 3 Jjl4Ji3j jl S 4j 

4_ ) pH V j5 y I vL*_Jl*-3 J J _ Jo0wLw>tJ _ ^ ^ L> X* ^\ _ *pHp ^jjjl LLoIj y I 

1 j .5j _ S^y Ij ^-)jjl lLwJI*-3 y> jl jl jjj^oL j ^jNIj ^L^pH j5 ^ j Sj* I lL_ ^5 


kf 


_ 13 J (Ojlc ol5Lij!) 


i^jj j>$ (gzlS) ^jl^jl oboL jl jb" ^l\ OjLqJj dj (^j^L- 9 tOl g .- J -' ^ cj b|a^lc l^jl jl woL^ ^ ^_L_obL) O^l.^lAdJL*>j ^ *l&d_oli^ljL fcbfcool^J_jL*j 4£l_Jj| y CaaJ ^li^j-o 

ol^jJLo ^ ^jj_ol^5 yj L-j ^ ^1 j^Jju Ob-^iLsI ^ OlsbJI ^ (^V'fA) ^jljJ-oj-Lfi> y > tl jLflJy> jl C<jLoJ> 4jIj jJ ^ LS^Sji. 3 ‘(^5^33^^ ‘LS" 0 ^ 3JJb (_^I_^J l^-*J ^ ^jlj^ljjJj Joir L) ^1 jl Oi^lfilLw! ^ oJhM» 


I 4 jlj jj k_S"jA-o ^jj| dj lt -^i 

(^il^3 (^i”ljjljjl) ^Ijjl Olc^lJol 









4j JjLoj jl jj 


V C^JL*_S ^1 jJ i J jJJj2>j pH 4-SOj! 4j 4j>-jj 

(u-r jo) .^b 



pH^ola^J ^£L — pHV \3 pHf CjIa*^ CjIC.« jL*i pH J»\ iM—Y* 

Ph^ * \s pHS^I^ Glycin- NaOH Jl j pH U" 


*jjj| ji La j jj ^Jl~ — \ T—Y" 

jLoJj>-l_^o j^ ^—xjb dj j j^j? 4j aS JJJ^^Jb l_Ajj^S”lijff tLA^-jjjl d^b-3 jj jI,AS”^jIj ^Lj^I ^J»alj^- jl 

^*jj_*1 ‘«—__ JLs<_3 i^JJ j _’ Ij OwGjbjlj \j j o JJSS (J l*_9 j\ JJjI jj .^j ^5" Jjjb Ja^>oJ j^ L) j ^jjjl 

^\y> j^l jj— Jzs>- j2 ^->jjl ObIjj^ j'jj*^ 5 e£j-b j^L> c5“ 


j L ^jj I^jLu . jj _j-L <c_Jjb 




;l o-JUe 


^ JgJjj jj-^o-A 4 j .w\jLo«j . \q.SL,>- Jbl jj Ij ^ j^*- d*wJL*-3 jl j.JjL>- 


J O ^ oJ_a! JLo j J J> ^btjl ^ jjj^LwO 6 j ^ * C-JikLp L) J-3 ^La j jj Ij ^j Jj I ^jIAS'U jl J *j 

^jI La j jj jj jLiu 2 jl ^jJCoIjil NH 4 j Co JV o j j^ 2 s>- j^ p-j jj I 

0 V J5wi) .jjjUoljj ^jjl c^Jl*-9 


jj 


_is 3 i^^ic ol 5 LiJ!) 


3J J^jl oboL jl (\^Jjta" 3/^ OjL&Jj dj ^£jaj 3 lObuJL^o ; | a3ic *—^jlj^) I^jI J^ljjJj ^33i>* jl OjL*-^ 3 ^_L_oblj 0*^1 - .n ^lAdJL*>j 3 *l&d_oli^LL *UfcO* 3 l^-L^_u ^cl~j1 3 O—j d^oli^j-o 

olj^Lo 3 jjj_»jl ^3 jjL«> 3 ^jl ^aju oL?-^Lal 3 olsbJI 3 (^YYA) 3 tJfl.^-3.0 t^jLiJ^o jl OjLo^- 4 jL y_ 3 ts Jjb3jj 3 i t5 Jjj3^l ^Ifti-sj^ (_5l_^j l^-ii 3 ^33^5- J«l 5 " c^Ac-j L ,jl jl o^La^*>l 3 ojjj 


I djlj1 k_S"jA-o ^jj| dj lt -^i 

(^il^s (^IjjI^jI) ^IjjI olc^Jol 
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KCI CoCI2 MgCI2 NH4CI CuS04 FeCI3 ZnCI2 CaCI2 MnCI2 NaCI 

Ions 


\ * j j'i 0 c■ 1 p lilies y I ji ^ 


cJUi ^ u.^L& oXjlS^jL^ j j j* — ^6—^ 

4_S” <JJ* (L)| J 3 10 C^wJl^-3 jj <.—La o »AJjS* (J l*_9 j L&OwGjtajL) ^jl L 


^ I _ J l*-9 j J iiwO J > . J Jo L Jflj I j^Jo 4 _j J^li j 1 jJLa 4 j>- Ij 


Jaj 


i'-r" 


(Y^-r jsa j Y.-r jsCi) .oJ^ 


jw ^ l&6^l^j! jj-fJ>- 



Detergents and inhibitors 


cJUi ^ Uo-tib - jlf* j y’ : y I ^r "jy :Y•-Y' JSLi 




_ 13 j (Ojlc ol5Lij!) 


i^jj ^jl^jl oboL jl ^jjb" 3 /^^A^Y^ 0 jL&-Jj 4j (^j^L- 9 tOl&-JL?u t^^lc *—*jlj 3 ) l^jl jl c :L—^ ^ ^gJ_-_o5b o> 1 --.^pu ^ *lAd_olj^jLL 4£l_Jj| ^ o—> d^oli^j^ol ^jL *-5"jO-o ^jjj 4 j 

oljjji-o ^ ^ol ^9 ^jL-j ^ ^1 ^jju ^ obb-JI ^ 03YYA) ^ t^jLcJ^-o jl OjLo->- ^^Jls ^jL J* 3 3 ‘ 19 -°' i i_ 5 ^-^ ^l^j L^-*j 3 ^jI^IojOj ^olS" c-olc^ L ^1 jl oblaJD-J ^ oAm> j3 (l^IjjIjjI) ^l_^*l di>l£^U^I 















































































Ojlila cJalp j A jA jjI C-JUi ji ^Jl OCS* J> J» I ji 


:Y>-r Jiw 


(jjl^ j^U cJaU ^jIjuL j c-JU^ j* — ^P'—'f 

.C*_*-J CajI _Al« ^jI j}S p-j J_ l_S\_<*j c—A_ Ii>oj ^c\ _aC- _laip 1_ a^ _ww-olS*jljj5w> J_Joj 1_)l jj 

J_joL Lj^ i-SCo-j jl jj^j-oL ^UcJg.Ip L> i^SCoj jJU L^jI j_Joj ^S" ^jU ^5wj 

_)l .JJj_ JoowL^lj i^SCoj i^oJccS ^oj>cj ^Jwoj>cj y*j lj i^SL Lj^wwo ^La^S"! 

J^jjjl .J jj 4_jl s^l N&Cl jNJ^J & Lj jNj^J^Lw* & UcJg.jp jj I ^jtsS\j 4j tJ^A>eJ 

cA 1 ^ 1 iS'j 1 * J—ijiS’ »j_wL^ i_SC»j jNj^> Y ,A C-Jalp ji j jNj>j A oJaip Lj i_SC*j J^>>u <U jjL5 

.O _ L-Ss^j iJpjLii^o (^L&C-Jalp L ^La4j j tj(^dj4j C-^^vO cJUj 

(Yr-r tsLi , YY-r ls^j) 


AY 


_is 3 i^^ic olXJjJS 


3^j ^jl^jl oIp^UoI oboL jl (\Y^A/^/P ^>jb' 3/^^A*\Y^ 0 jL&-Jj dj tol g .- j . ^ u ^3!^ *—*jlj3) l^jl ^I^IajJj ^33i>* jl OjL*-^ 3 ^_L_o-SLj 0*^1.^£l&dJL*>j 3 il&dxU^Llj klkool^-L-i^ dpLAl 3 o—> 

olj^Lo 3 ^jL-j 3 jjl ^Jju oL?-^Lal 3 olsbJI 3 (^YYA) ^jl 3 t^jLaJ^o jl OjLo->- duL y 3 3 i^ 5 Jij3^l i^^oip ,_glfti_SJL <6 (_^Il^Jj 3 S" ujoltj L ,jl jl o^La^*il 3 oJuii 


I 4jb y k_S" jA-o ^jj| dj 

(^il^s (^IjjI^jI) ^IjjI olc^Uol 





































NaCI concentration 


( _ s S’I ji 1 c-JUi :YY—V JSLi 



NaCI concentration (mol/lit) 

r*~l‘y ' c-^bYY jl Jaj c.~»J) J\j jp- ^*jjjl L^Jji 'YY - —V 

(JLi (jUj jj j 


&A 


_is j | 0 ^ 1 c ol5LiA> 


i^jj (^C5") j^l^jl oboL jl ^>jta' 3 /^ OjLo^o dj (^j^Us iOl(uJL?o t^^lc *—*jlj 3 ) I^jI jO ^Ij^IJjJj ^^A?** jl OjL*-*3 ^ ^_L_o-SLj O jl - .n ^ iI&AxU^LIj il&ool^CboO d^Lijl ^ O—> ‘Coli^j^ol 4 jL jj ^_S"j-Xo ^jj| dj jO 

oljjA-o ^ ^jj^ol^s ^jL-j ^ ^1 ^jju ol>*jL^I ^ olsbJI ^ (^V'fA) ^jIj-Coj-la> ^ c^Llc^o <^IaJ^o jl iCoLo^* jj^Jls 4 jL jj ^ ^ i^Juj^ol i^_o_Lc ^Lb*—sjj& (_gl ji L^j ^ ^I^Ij^ju jjj^A^* ^olS* c-jIc^ L ^1 jl ooIaIC*>I ^ oAm> ^j&I^s (^-SHjjIjjI) ^l^>l <Cjl£jlbl 























































Sjj! 


L ^ 0 .XvwT 






cJUi -r-w 



Urea (%m/v) 

» jj I jy^~ j* j*jjjl C-JUi ^jji :Yf-V' JSw 


CJalp — \A—T 

o^LE^I L> jj C-Jalp ijljJLu-l ^i>tUo .-Ujj o^Lcc^l jl jj I C-Jiip 

- 4_j y&j 4_j j^o ^LaOD ^jlL .Uj ^^ 4_»_4j^L*_^ j ^_w«j Excell jljil ^jj jl 




Bradford Standard 
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CT1 


u 

I 0.2 

i_ 

o 

co 

-5 o.i 
< 

o 

0 0.2 0.4 0.6 0.8 1 

BSA concentration (mg/ml) 


Bovine serum albumin jl silE-l L j a jji^y jy cJalp j jl.UE.-l :Y0-V JSLi 
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y = 0.552x +0.0282 
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_IS 3 (Ojlc ol5Li4& 


3jj jO jjljjl CIjIp^UoI olXaL jl ^Ojla 3/^ OjLo-io dj ^£j3Ll9 tulj ia^ j t^3lp Clajlj3) l^jl jO jjjlj31 OjOj ^33A>* jl CloL^ 3 ^L_o 5 L) Ojl-..^Pu ^l&dJEjj 3 *Ub 4 _oU^LL fcbsool^J_4L*j dpLijl 3 Cluj* ‘Uoli^j-o 

Cj\jjSlo 3 ^jL-j 3 ^1 ^Jju ol>*^L^I 3 olsbdl 3 (^Y*YA) ^jlo-Uoj-Lft> 3 ijjLaj_*2-o t^jLcJ^o jl OoLo^* djL jj 3 ^2L&3jj 3 i^Juj^l .^oJp ^Ijj L^J_> 3 ^jl^ljjJu ^3341^* Joir Clolcj L ^1 jl ooIjULm>I 3 oAm) 


1 djb jj k_S"jO-o ^jal dj lt -^i 

l^itljS (^i”|jj|jal) ^jljjl Cjlc^llol 
































I y (jl ys> 4_j j jAj I j jl &S j jj\ ^La 5 ~^ ^—V* 

^ y La I jLj (T* 1 Y ^ ^ ^ wLa I y^~ ^ y ^ ^ j^*a ^ ^v—^Lo ^ ^ jI 1 I l^L^'ww^S' c ^ y*^> 

y\ y ^jj_>1 Lo-> <jl j^p Km .Jos 4_^oL>c>j Sigmaplot jljil jl c^LLi^l L yo ^jjjl ^SCJLjIS" 
yjL^o Ij^I^j ^*-j jjl cJ J j-^^rj^* Km (j/y*~4 *l>-^_a j ^ yj*<—so yo sy>- ^1 y~*oy^ 

oJ^Sj (JL*-JoI Ijlw«j y^i Jj 2 ^yi ^jjjl (Jl_*_9 ^Lao15C)L>- A^]S *S ^y ^-)L«j 4 Vm&X 5yj -LaI y- 

jl y ^5sj 2 (j yyA L> 5 ^Ijl j->l^ oA^o ^Jj .Xu o^jjl y 4j I y^^ ^l-A(j J X-olj 

^oujjl yJiS>\ y JJsO 2yJs>zA (^jL-*> j-> .^Xp L l-^JwJ^JlS , d-ulu .2 yJJ ^.^Ja (j I 4 j 4i_v^ljjLj I ^Iw^j 

4j 4JLwvjIj uSCxJlulS* iXuL> ^Jilj J-X^s ^IuL>u Kcat Ljj ^Swj J y^ 2 s>zA XJ yj CX£j>- yS 

j*jjj| j^s cxJl*-3 uS'uxJlJlS , Xulu .JuSy j ^jwL>c» Ij ^ixSIj c^p aS" cx-*>I C-oIj 

I jlw^i j^o ^La J j 5G ^lj-*j J^U^> <,lXwJL*_ 9 I ,XJoL)^« j)bj y-A y^^A j) I J^~\y y (jLio Ij 

(J y*&>zA 4j oL^j Js>- Ij ji jl jl j^jj ^-il jUj ji jjI (JlSo Jj2^>j 

4—i jl jl J C --—^>1 (M^S ^) -L^lj L (_^«L>-ji OP j^i OjLj kcat/Km C_™>~j jLo L ^ ji3 OoLj 

4_) ^j^_j I ^J_) L<>J (jl y—i^ _ a j) | j| o^IjII^jI L j :yJJ y^S>zA 0^x31115" JL*)yS$ ^1 y {£j L^*-0 (jl y+S* 

(Y— T* (J yJ^>~ j ^ — ^ V* (J^Jj>-) .5y^*-> 4-wj Ij c —^LaI y^oy^s 


?' 


^j^L_L 9 ^ ,oalc olSjObj jj (gtlS") (^5^^ Olp^U^I olSoL jl OjLoO 4j ^ol.Q.- Q.?tj Ojlj^) l^jl jl OjL^ ^ ^L-_^So O^L-a^o ^Ub4JL*>j ^ kliboLijjljL 4 Lit o ^ 1^0—~J Apljjl 2 0-a> I 4 jL ^jjl 4 j 

.O-al ^>jjj J gjjjjq *Zj\jj£lq j jj-ol^ii j> L-j ^ ^jl ^Jju ob-bLal ^ CjLsIpJI ^ (^VYA) ^Io-o^J-A ^ ijjLaOxo t^jLflJ^o jl OjIo^* ^^ils ^jIj j} ^ 3 ‘(^5^33^^ ‘ls^^ 3 j)lj^lojj Jol5" Colcj L ^1 jl o^IaOj! ^ ojO j^Jtl j3 (^-IjJI^I) jjl^jl 0 U 3 U 5 I 




ij' L ^y.J t 



Vmax( unit/mg) 

Km(mg/ml) 

Kcatfs 1 ) 

K ca /K,„( mg' 1 s' 1 ) 

Oaf spelt xylan 

^£>,YA 

ry\ 

UVfi Y,*V 

htv,y^ 


C .■£*«*> ^IaI iSJj ji jjl iSj^y j a jiJ C->Jl *3 ji ^ * — ^ 


o?t~- (_5L»l— jj~» (jjj j> j*j jil i£‘jiJ 


1 ^MtJ 


O^J j O-JUi 

(unit/mg) 

uT'^r- 

/? (1 —^ 4 ) 


0^5* 

/Ml-> 4 ) 

- 


^-a^ 4 > 

\ *A.Y 6 A^ 

jJ_^L- J-i» y.j£ 


- 


r\ 


_ 13 J (Ojlc ol5LiA 


i^jj j>$ (giS) ^jl^jl oboL jl ^jjb" ^l\ ojLo-Jj 4 j (^j^L -9 toL g .- j -' ^ u tjo^ic I^jI jl c_:L—^ ^ ^gJ_-_o 5 b o>1 --.^pu ^lAdJL*>j ^ *lAd_olj^jLL dcLijl ^ o—> 

Cj\jjSLo j ^jL-j ^ ^1 ^Jju Ol>*^L^I ^ obb-JI ^ (^YYA) ^ i/jLaJ_^a-o tl jLflJy> jl OjLo->- 4jL jj ^ i S £jl>}5> y ‘;9-°I s^g-o-l^ L^J-j ^ ^Ij^ljjJu ^ol5" C-olc^ L ^1 jl o^Lu—jl ^ oAmi 


I djb jj k_S"jA-o ^jj| dj lC -<~) 

(0*1 ^3 (^IjJI^jI) ^IjjI Olc^lJol 





















c j 


^ jOaic (gtlS") ^jl^J I ^-alc oLc^Uol olSoL jl OjLo^Jo 4 j lOl.Q.. q.?cj C-»jlj^) L^jl jl il-o L -. to ^ ^.Lya^j Cj^l*«^aPu ^LbdJL-jj ^ lUbd^lj^jLL tUbo^l^J-JLa i 4 ^l_Jj 1 ^ Cwj I 4 jb i^j^Xo 4 j |C ~o 

.c*^o1 J gjjjjq *Zj\jj£lq j ^-ol^3 j> L-j ^ ^1 ^jju ^ 0I5I9JI ^ OVYA) ^\L v --. o jSjb j i^jLu^xo tl jliJy> jl o_)Lo->- ^^jls djL ^ ^ 3 fc Ls^^ sjj& I^jj ^ ^al5" c^jlcj L ^jl jl 0..tl ^ oJlw (^S'IjjI^I) ^I^jI 



LgjI jl a£"^]L>-j^ O yS> ya j ^OwbJ^ i*3*)L$L3j Aj y>^A CjbjLj* j^^1 ^bo 

j^ ^S"^b>_P ^ <-^l y iy a l“^^- , j J 1 ^o-> 0 ^Ij23<jI wLjLo a I y& jjL») ^ I jp ‘•(^J y\ A^j J^3iLaAj jl y 

wUJc0LwO ^jjl jS Aj>-jj ^JjIS AI$j .wlUoL) C-w^oJkl jjL>- jbw*j ^/*l jj-J 1 <—flJ3>s>J (^La J3 I j3 

c La li t j La US' ^jw« Li La^JjI j U2>^ 1 L« ^JlS" j ^Js? Aj . >A-Jo L) .^J j ydx~A ^ La AJj j_A Lj La ^_j y I 

^Lac^L jl La^jjjI jl wLv^j^ V* 9 * 4_a^ Lj .wiLJoL^o La^^oIS^jIj^5L« j jlj^b- 

yjj^y ^ j^l cJL^> ci-^w^o jl yy a£"^JL>-j^ j ^LS* 

^ ^ b La^jjI o jUo jljL JS* jl yyj^y* (^bk^jjl lJL- Oj*$j j^y- 3 

^\y ^jLoIjlS' ^jl^o ^La^™o ^Ijb La^JI^jIj^SL Aff c~J j^jI jl JJ^ .c~*l <ob ^Uzi^-I 

.J3jIj^4 y jj^jLlaj j j-Lj J °^y. j-bj j Lai, jj^S wa •^^ , l J t _^ s ^ J j J l 

wLJ aS" J3 jl 4_) y=y^a La4_s^>c_JL 4 jjj I td^-ol o^bo L^j I ^jl j-P CpL>-Ljj>“l j jbol Lgjl ^iSL yyy&Jb 
j^ d--<»3jl jS Jj^ jl ^$b aS-Lj I 4j Aj>- Ij .ALJoLj jlj^l J O^bo c^LjJCpI j ^SL-o ^La^j^jI 

“ ^A L^J I djbjl^ Aj -L yj jA ^LA4JujA J La jyLS jl ^>- y Ja^> L_A j I >A_J j^ ^ jL^?>cj' cLa^j^jI 
^LS” J_jl J- 3 jljjl J -3^ o^LjL-^I Lj j o*^L 4Ju j-A Lj jLo ^jy° ^- J j J ^ j-> tJ-JoL 

L jjj I^jLj jS* t.—<LL> c>j ^jL vi? j^j j i^^-*)Lo o^jL aj y>^*6 j J-joL C-^bjb l£ 

\j Jo Jj>- j j^ 2 ^ 3 aj <.—<LL>t^ CjLJLL^j ( - 5l- A p- j j j l j ^y y*^y^~J 

j^lsL ^1 y yj\^La y^i^y- J yy}S>zJ I y-^~ I L^°b j-* I .^jb A-flbl jL>wA y^\s>- ^LA^S”jj^ 

yys^ yj I .ciwjlA3 j\J$ yjLAs>**a As>-y yo lSj^ y^^y 1 ^y.j)^ y° -3 j J ^ 

yjs a ^’^l y y-3> a& Ciwjl jl y\ yj I bt^b CiwjlowLJo A3 ^ o j^j jj I ^-y 0 jl y^ Aj yL3> A_^>jjjj jl 

J jLS' Aj l3*j ^jJ^L> j^ l5\j (J^L ^y .■».- j?A ^ Ijb lj ^SLoj ^ i^$Cj3>- jt-ALS” ^ C1 jL>“A 3^i-P 

j Lo A_^_$Li Ij A_^j\jj ^l3*-Lo 
^ j y I Jj 2 j I y^j ^Jw^->ej 4j jl y jLj ^y y ^ .3C-S^y ^Jw^P y y3yA jlS" y^Sj\y>x^3+j 

i y^rj b jl L y^s- y* ‘'—■o y& aj oj^^^1 aS" ^jLAjLjLIj ^> o^Lil ^SLoj 

j^j j La^jJjI ^jjl (^NLj Aj jl y y 3 0^Li3ol yj I ^Jj'V^ jl .JJ yS) y* ^1 y> t3jl Lj^ j^- 3 y j 

y Lj yS\j Li3 Lj (^LAjLjjLIj jj3L ^1 y y^ ti**> ^ ojLil La^jL La^j^jI yjy 


y U A_^<0^j jU>-Lj dJ^Lj jj_3>c_^A ^ ^y jl^S" 3^- w -'-^° Aj wUjL*j ^ 




^j^L_L 9 ^ p» ale ol 5 L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLoJo 4 j ^j^I-L 9 fcOl.Q...0.?tj t|0^l£ l^jl ^yCL>- jl OjL—^ ^ ^.Lya^j Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL d^Ljjl ^ Cwj I 4 jL jj jJ^o ( jjl 4 j |C ^-o 

•«Jwjl .Li oj^- o oIj^lo ^ ^j^-ol^s y> L-j ^ ^1 ^jju oL>liLsl ^ CjIsLpJI ^ (^Y*fA) ^Ijj-o^j-a ^ o■ t^jLeJ^o jl OoL^^* ^^ils ^li j* 3 3 t ( t _5^ , j3-°l ^UbL 3 jj& ^I^j L^jJ ^ ^jlj^ljjjj ^ol 5 " Oj lc j L ^1 jl o^Iau^I ^ ojJj (t*S"|jj|^l) ^1^1 



y L^jlSo^o j jL Uj ^jta <ubl jL^>jfc ^ji aj j oJUi L 

L^jI ^ jjjjIS"jj (jLbo_A jl ^ Oj-Ij 
^1 y>CL^>\ ^jIj jS\-> J ^^>-jli jl LAj^jj^^Jk w\jjj5LiS” ^ ^ o^l jjL>- jl o*A-J> 4Jj>-l-LJo ^l_Ajlj*)\jlj 

^jlj^lJ Lo ^ajuoj ^jj wLL>- j /3-jelly-roll jLj>-b*j ^Ijb o^IjjL>- j^l aj ^j-L*^ ^L&^j^jI.wUUi-LJo 

^1>cjI ^jjjl (JL*-S oIS\jL>- Ij I j!L^> y^ Aj (JL^>j ' oIS\jL>- j w\jloJ-Jo y>- 4j>-j^ ^ojldjl Aj Lu yL 
AjIS'j.S ^jL>-AjL>- Ij ^jJjj-Ljk JJu Ij w\jjb jl j3 ^-A ^JjIjLj j.2 ^jJljlS* I i^Swj Li fS JjIo^j*oj 

AJL^^A (jl yZ' Aj ^^S\j ^ j ^£jlj i -^-* J l Ij IS” j)l jJp Aj wL«-*j IIjjAS" l_$\j wU-A^^^« ^L>cjI 

^US” (_j^^’ (j-*)‘^-^ , 

j osy ^ yry Protein Dettn Betnk j^ .JJlo^jj o^l jjL>- ^jI aj aS" ^jLa^j^jI jj y I aj Ij 

^LaI^ iwwjA j CL*y ?I j^ jj L<>j ^Lai_ j jJ j^ A_Li>-jL^ ^JjIS <*Jj^IjL cJwjI j^SCo^j 

\ jl JJujLp La j I .XJoL L^J I yy ^—aL^c^j 

• Aspergillus awamori xylanase C (xynC). 

• Bacillus circulans, pumilus, stearothermophilus and subtilis xylanase (xynA). 

• Clostridium acetobutylicum xylanase (xynB). 

• Clostridium stercorarium xylanase A (xynA). 

• Fibrobacter succinogenes xylanase C (xynC) which consist of two catalytic domains 
that both belong to family 10. 

• Neocallimastix patriciarum xylanase A (xynA). 

• Ruminococcus flavefaciens bifunctional xylanase XYLA (xynA). 

ot*J* ^ Cg) 

jfljjX *-a ^Jj j j^sAS \ \ (^o^l jjL>- 4-> (j-L*-^ N ^ajLIj jljjAjlj yyjs — 

(jU^Lo y l_Ssj j j^jjjL^I C L^°^ j AS" j^ ®L> y^ j c5j^ — 

jdj^ I^jL>- 4_j C ^ajUj jU%lj l ^SCjJIj15' — 

• Schizophyllum commune xylanase A. 

• Streptomyces lividans xylanases B (xlnB) and C (xlnC). 

• Trichoderma reesei xylanases I and II. 

y*j ^jy* ~y BLAST J-joL^o jlJjAjlj ^La^j^jI ^JwoLJj \ \ o^l y^- 

jLo c^-aLjo 4_j &s >-jj L . ^IjJ jLLj ^ y>- jl ^5 \j^ ^1-Ap.jjjl L Ij ajLLj j_v^j^ 9 "Y jl 

j^ ^ lSjJlSJJ c£^*- j L^JLL2>a ^1 y y^yys ^jL?-L*j ^L>cjI aj 




^j^L_L 9 ^ p» ale ol 5 L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLoJo 4 j ^j^I-L 9 fcOl.Q...0.?tj l^jl ^yCL^ jl OjL—^ ^ Cj^I**^qPo ^bbdJL-jj ^ iUbd.olj^LL d^Ljjl ^ Cwj I 4 jL jj jJ^o ( jjl 4 j |C ^-o jILmjO 

.c^ol -Lioj^-o oIj^lo ^ y> L-j y ^1 ^jju oL>liLsl ^ ol_sl_>J1 ^ (^Y*fA) ^Ijj-o^j-a ^ o■ t^jLcJ^o jl OoL^^* ^^ils ^li j* 3 3 t ( t _5^ , j3-°l 3 ^ol 5 " Oj lc j L ^1 jl o^IailwI ^ oJl-^i (t*S"|jj|^l) (jljjl 



oat spelt xylan j 22>L*jLva y ° 2 do ^^> 22 - 0 ! jlJ*)Ljlj^2jl ^jjjl o 2 _jo ^U>ol ^4j*JUa>j 

I jjwUl (jyyoj* ^y>-jl3 j y L ^xS'Lj ^aj^^S" jlI a jlj*)\j I 2Jl jj L-^o L a^jUL* 

oJ-j. l 2 _>- jU%ljjJjl L> j Tan et al(1985) h^y Trichoderma harzianum jl e 2 J> l 2 _>- ^^jli 
s y>- j' <J >>J 22 Juli Wang et al. (2012) Ja^oy Sorangium cellulosum So9733-l jl 
jj\ y*j j ^cj y yy^ lSjj y ^^Lla^j sjy° yiy ^ . ^b jLJL) oat spelt xylan i^jj y 

4j JI a_w >-y (jl y aS' 2JLj 22 o jj y3jjX>jb ^AJaa>-jLo ^Jjb y^ yz l.Sjj y J -td o^b 

Aff 5 ^S* ojLJol olS” L A^j UL« ^JzS j ^cj y yj yy 3 ^jdSbJ j j J ^J22o ^oULj 

y*y ^ »d-wj| y jj (jlSC^I y 3 y 3 I 2d>- ^j152o_a 4j jLJ (j^ijj (j I ^aj y^- 3 2 °^y Ldwvj jlL>-b>o ^l^b 
Iydj aS” j ^<^aj j>ej aj La^Lo^^jLo j^Ja o2»Jo ^jaJa>tj jlj*}Ljlj^2jl 

w\-joL)^« LajUIS'^J bj2Jl ^*<2*&>*-> 

4 >c_JJ 2 La ^^y 22^0 jl lj ^^p” 22-JL*_9 j y&>- ^ l_$Jj2j22o Jajl^Jo La^j^jI ^y^s* 

y* _4j2j>c^j 4_> 5 jy° ^J-JJ-o -tLb ^Jw^j>cj !j 22a2_oo Jajl ^Jo j ^jb^-do ^1 yo 2LjI yj aS' ^y La y} I 

.xin et al., ( 2012) 22 ~ol <c3^ j\y 

^lj ) I A^j^ij y> j i jl ^_$b y Jo A_^<»b\ Jo ^^jjL_Lo jl )%lj _ L S J J y < —aJjL>c>J ^-fLw« yy jl 

^L_A4 J j—) Zy>x. ^o ^jlw\ P ^1 4 jl I—« y^S* y Jo I j—>j d JoL^a ^jLa^j^jI yZ\ 2 y y\ y> ddol 

fiJ Jo ^1 y>*^ ^>1 jlJ^bljj^ ’! y*3 ’ _’-P^c^ - ' 4 a j~y jbj ^bjl y** Jd j_S bo I » 4 w^jUL* jj Jo 

aj Jo I $ lj J L*_s yZ .j I j s I /• \ 9 1 * I j j'y j a Y /(j ^ j j p>- I j _oj I > y ^ I ^ j j ^2j>- j 2 zy^j I y 

J_J S Ja & 2 >- lj ^ y~^*~ JJ JL*_3 l—^L) 4 j _ > lS\ o-) Jj^, *&>- d-*pl—wo YY <, 9la AJ **21 y ^ 

J> ^ Y * LL* w^jI y j a (j j J vj 2 j>~ ^jjjl.LJ ^*>1 AJ Job j o LJ JL*_3 ^yjjlj_3l 4 SCL 

Ja-o^—4 ^J _Jo 4 _ i wLi_) _ j I _ j jlj _ _JL*_9 jlj_^s j _ oJ>cj ( j _ jI 4 _ S' 2 _JoL) AJ _ Job 22 _ JL*_9 

j w\ JoL^ a Ijb Ij ^ Sb^j j ^ j! a S" Jajl j—Za 22 ^oj ^jl_)l y LjJ o_P 4 S" 22 **ub 


j 22 !U- I > 4 wmjIa>j (_3l jl <y\ a$ j 22^pI ~o YY 22^2 ^ j - ^ 

Ja_^o ^Si _ 00 _oj>cj .^jb j__jI ^_Sbjo I_ j ^jl2_ jL jl ^S"!_a*- 4_S' il2_ > j)l__L>- 

^1 y>Z* ^ol jU%ljj2 )l ^Jj_)l Ja ^o y _<>_) oJ>ej jlw\ jl 4 *JLia^J y )l y y>^-> J a j t ‘ J j J ^ 

Jiam wu et al., Ja ^y j 22—^1 i j—y jJLa ^y J 4__S' bacillus cellulosilyticus jl o 2 _J> 


?k 


(^j^L_L 9 ^ p»ale ol5L-.jag^j (gtlS") (^5^^ Ol^^Uffl olSoL jl OjLoJo 4 j ^j^I-L 9 fcOl.Q...0.?tj Cjjlj^) l^jl jl OjL—^ ^ Cj^I**^qPo ^LaoJL-j^ ^ tUbd^lj^LL d^Ljjl ^ Cwj I 4 jL ^jjl 4 j | C ^-o jILmjO 

•C^ol -Lioj^-o olj^Lo ^ ^j^-ol^S ^jL-j ^ ^1 ^ olsLpJI y (^Y*fA) ^IjJ-o^J-A ^ o■ t^jLflJ^o jl Oola^* ^^jlS AjL jj j ^ywJ b ^jj ^ t^Jjj^ol (^I^j L^-*j ^ ^jlj^ljjJj ^ol5" CoIcj L ^1 jl o^IaILwjI ^ oJl-oi (JIjjI^I) (jljjl OU^UsI 




P 0- 


jb*>b>ljj j_j! j*->j_Jl .a—« j—^ji j ^ jtJ CJZ -W (2016) 

-JjJL p* -jlj_Jx> jl jLog Pow> •/A^ L_> ^1 ^L, ^oLJu jj-J^ 

a j ^ Y * ( jij I j_j s I ^_l>- (j I j__$2&— J I (j j__>c_a*_& ^ I° j ^ j J® <L>- lj ^ j_^>- **—* 2 L*-9 (Jjj lj I 


4 S" ^b (jl >j .j LP Jl*_s ( jP-&L_S" s j_^>- ^j_sj^IS” — l)jjI—>^ jj j^ I pb (jl_pj ^j_j>- 

—j! LP—-*>! £_plj j^ .J—pL^—a (. J jijJ—*-A J 1^5“A 2 -^ yf' —*lW—£*“ 4j jj I ^JjLo-j jl ^>\s>- 

(jp_p Owijl_ pjj jl ^j!_ & j ©p_jj ^j-JJ_^"1^ ^jl^ j_j 1 _• w ° jijjP_A.A ^L_a4Pw«1 ^LwjI L Ij*>(J jL>- 

”C-a _ij>a jl .(Xin Li, 2013) P_pb^—4 j__>l jlp>-l_«o jpj__) jl_ > 4_j l_$\_ <*S j ^-)j__>l (Jl_olSbb- 

<jLa J^_SlJ Ji jSP ^AP 4 -! Apes-* csd 1 -* oA>-J ijPr ^ l^.AA d 2 O 1 * 

^ >j^j_JI ( jLaI_S” ^1 ^__) 1 ayciS* 4 S” ^ojLpI ^j jJ^ ja32J ^1 j—* jl o^bp-j ^jL»*wPo 

PjPpLlP»l ^11 ^L&(JjAj>- ^^2xj jl 
C—JuU jl oJL-i ^1 j>p a-*» 1 j Ij *Aj I jjj J 1 > 4 ^j Lio _ t ij 2 (j j A ^t-jj—->! 

1 j TritonxlOO 0j >^-a *>—& ip>^ ^1 & ca j>-w\ ^ _Liip >1 ^ _ oj>cj 

Ij LaCP. jj^ _ oj>cj (jjs_1_) 1_&^jj__)l pL (jl_JP ^j_?>- jl Ij Tween 20j Tween SO 

^1 j — 4 Cj~~* ^ ^ 1-a '•/^ jj—* I ^ J jl ^1 j-^° 4__S” ^ jS o^Lp ^ol ^jl_oj w\__pIS" ^jLv^ j^ jl jj 


~i^jj 0 j_2^-A ^j—b ^1_&j j_> j j_j^ ©J_Jj ^1 j>p _^ol jl-jjLIjjJ_jl j—2 .^J_2jlj^_ a 

J—° J»! (^1—A(j j_) Jj 2_^o JJ ^_lj P I w\__J (jl_Pj ^ ^^1—)j (j! J_J>" jvoXJ jj-^l —^ jjjLwO —^u^oLo 


(j ^jS jIP_jL j^ Ij j I (jl 


4_S" jLjJ 




JLb 


1 &j) j_j ^j _j I j j * j?:>- j^ j__) I b ^olj ^5\Jl _) j^j ^ mXj 4 ) ^Pj j j j j^j j 

LJa fiS* (jl j ) o 4__S" ^ j-^ b aj ^jLaLS* jL wj EDTA j j v22j>- j^ j—)l ll Jl*3 


Il>-Lo 


jj ^1 _ L 


J^ 


0wl_wO 


^j_il Op c^J— 1 4 —! (*-dj— 1 1 jj—4 


jl j—i Ij jl J_Ji 4_S" jLjJ iJ_^- jl j* (. 

v . >- y>j ei j i ^Ojj jj i jj Jj jj JL i ojjl .c. ~~jli JaJ 


JL*j JLilj—sl XV I_j sjjl i,_ilo^o 

JL-J, A^S-j* ji Ojjl jj_jL^ 4_) 


jji-^L).A^- 2 ^-r^~y ^-dP J- 2 J 'Jii J (JLaJ—I jl 




^jjl - Q ^ pt ale ol5LdO^ jj (gtlS") jjljji (^5^^ olSoL jl ^djlj OjLoJo 4 j ^j^I-L 9 ^OI.Q.-.Q.^tj Cjjlj^) l^jl jl OoL-s ^ J_«5j Oi^l. .<o?u ^U-dLjj , klibA-oLi^jljL 4 Lit o ^ A^Ljl , Oj I 4jL> ^jjl 4 j 

•OwjI -j oj j-a oljj^Lo ^ j^-ol^ ^jL-j , ^jl ^Jju Ol^jL^I ^ ols j*JI , ^jljJ-OjJ-A j * jjl Q'.saj) t^jLflJ^o jl OoL^^* ^li jd 3 I cj^ 93 ^ 3 ^I jjji 3 j)lj 3 lj^Jj lS^ 2 ^* L ^1 jl O^Lfld-^jl ^ ojjo pol J (t*S"|jj|^j|) j)ljjl OjI^^U^I 



L_) jl jj Ij j ! ^b jbjj JJwJL*_ 3 ^jlo ^ j-^ ^ J^>“ l) jJ y y^ LS^ J y&^>~ j3 JJ^mjIjj jj I 

^ys J>" JJ, <w*jb L J _> jA jjJJj j—i ^ ]g\ a J—^ ^>“1 J—’ JjJ ^LaJj j*j ^jL\JJj jl j^S>- 
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Abstract 

Xyaln, composed of repeating glucose units linked by b-l,4-glycosidic bonds, is the 
second most abundant carbohydrate polymer on the earth. Along with an extensive 
interest in xylan as a one of the major source for renewable energy and raw materials, 
xylanase, the enzymes that can convert xylan to utilizable xylose efficiently under mild 
conditions, have been subjected to investigation. Multiple enzyme systems are required 
to efficiently degrade xylan, such as endo-(3 1,4-xylanase. Most xylanase extracted from 
fungi and bacteria but today metagenomics could be another way to find such an 
enzymes, among metagenome sources camel could be an interesting choice because of 
feeding highly salty shrubs with Minimal nutritional value, the endoglucanase encoding 
gene from rumen of camel cloned into E.coli (DH5a) using pET-28a vector and then 
expressed into E.coli BL21 (DE3). Enzyme as halophilic enzyme because it could 
tolerate 5M NaCl beside 20% of nonepolar organic solvents, optimum temperature and 
pH found 42(°C) and 7 respectively. Enzyme was stable in room temperature for 2 
days. Enzyme activity enhanced with NaCl .Enzyme also was inhibited by EDTA 
suggesting it is metaloenzyme. kinetic analysis also showed km and Vmax, 3.71 mg/ml 
and 1415.48 unit/mg respctievly. 

Keywords', xylan, endoxylanase, Metagenome, halophilic 


V3 


^ ^ale oLSoL jl ^l\ 5&5Y5 oj dj I^jI jj ^Ij^IjjJj jl ^ ^hbdJEoj ^ d^LJjl ^ d^li^ojl dob j* uS"jA^ ( jjl j_i> 

E j-o oljjjLo j 1^3 ^ y Ol5l^dl y (1VYA) j jl OjLx>* djb jj j y t^Jjj^-ol t^-o-Lc ^£|j&l 3JJ& 3 Jo b (j)l jl QjbC- M .il ^ oJ~j p^itl jS (o3"|jj|^ol) (jl^l Clilc^lEI 



A* 


_L9 3 |OaJx. olSLi-fl't 


^ jj (^a5") ^I^jI ol^^Uol olSoL jl 3 M ^V^ 0 jLo_j dj fcCjl.Q,.Q.?tj tjo^lc. l^jl ^Ij^ljijju ^ 33 ^^’ jl OjL-3 3 *-sayu ^UbdJL*>j 3 ilj&d_oL)^jL>L il&o^L^j_^*j AcLJjl 3 o-o a^U^-oI ajL jj »^jJlo ( jyl « 

CjljjjLo 3 ^-0)33 L-j 3 ^jl ^Jju ob-}Lsl 3 olibJI 3 (^TfA) ^jlAAo^AJb 3 fc 4 j Lo ... o . ^ t^LaJ^o jl OjL>^- ^j^Is AjL jj 3 ^aL& 3jj 3 t^Jjj3^l ^I^j l^J-> 3 (-33^^* C*jIcj Ij ^jl jl o^loA-wl 3 oJAj ^Jbl ^3 (t* 5 "|jj|^j|) ^jl 


yj’oSll 



Ministry of Science, Research and Technology 
National Institute of Genetic Engineering and Biotechnology 
Institute of Industrial and Environmental Biotechnology 


M.Sc. Thesis 

In Microbial Biotechnology 

Title: 

Cloning and biochemical characterization of a Glycoside Hydrolase 
family 11 xylanase extracted from rumen of camel metagenome 


By 

Mazyar etemadzade 


Supervisors: 

Dr. Hossein Shahbani Zahiri 
Dr. Kambiz Akbari Noghabi 


2016 


3 olc^lbl oIXjL jl OYAA/Vf 3 t\ ^&^Y^ o^LoO aj ^^363 .oLi—t^^l£ *—*jlj3) 1 j jl OjL—? 3 ^g.L-o 5 u o^ [*.sa?u ^ 3 .LacLoIj^LL 3 uS'jj.o ^j! 4 j o 

. 0-1 iojjjA oljjio 3 3 jjl oG-^L^I 3 olsbJI 3 (IVfA) ^jljJ-o^Jb 3 to jl OjLo- ^ 3^13 SjL 3 ( _ s Ofl>3jj 3 ^3-0 1 |_gl y L^Jj 3 Jj ^33^?- J^lS" OjI^j L ,jl jl o^laOil 3 oJ— ^&l ^3 (>_S”IjJ|jjI) ^jl^jl Olc^Uol 


